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Finding cancer subtypes in microarray data
using random projections
Debashis Ghosh
Abstract
One of the benefits of profiling of cancer samples using microarrays is the genera-
tion of molecular fingerprints that will define subtypes of disease. Such subgroups
have typically been found in microarray data using hierarchical clustering. A ma-
jor problem in interpretation of the output is determining the number of clusters.
We approach the problem of determining disease subtypes using mixture models.
A novel estimation procedure of the parameters in the mixture model is developed
based on a combination of random projections and the expectation-maximization
algorithm. Because the approach is probabilistic, our approach provides a mea-
sure for the number of true clusters in a given dataset. We illustrate our approach
with applications to both simulated and real microarray data.
 
		ﬀﬁﬂﬃ !	#"$%##&' (
#")ﬃ
ﬀ#"+*,	-.")
/021.35476.894;:6.<4(6
/02=#3?>(@BAC02DE@F<5G'HI89<4(@B3?@B894(@B89J24LK.MD89N0L>74(89@PO<5GRQS8TJU68TVE35D
W
<5>7>70L47=X<D.Y.89D.VC35Z@76.<>2[
/0L1#354(6.8T4\:6.<4(6]K_^%6]`a/b`
/0L=#35>@BAC02DE@F<5G'HI8T<4@U3?@78T4@B8TJL4
c
JU6.<,<5d]<5G%^%Z.1dT8TJe0f3?d9@B6-K#MD.8gN0L>7478g@PO<5GRQS8TJU6.89VE35D
h2ikj5lﬁm
35476.89D.V5@7<Dne0289V6E@B4LK_o\<p<AqQ
iElErs
t
D.D
t
>71X<>LK_QS8TJU68TVE35D
iEu,hvlwyx!j5lEj5w
^%6.<5D.05[z
s?{5ik|~}hrvx!wuEjyi
_3y[\z
s5{5ik|s5}5{yxjjphr
%A358Td['V6<476.Y#ZA89JU6]`0LY.Z
h
Hosted by The Berkeley Electronic Press
Ł+Lv#5

D.0F<5GX@B60\1X02D0L.@74)<5G=.>(<5#dT89D.V<5G-Jf35D.JL02>4B3?A=.d9024Z.4(8TD.VAC8TJ2>(<E35>(>B3fOp4%8T4R@B60\V502D.0L>B3?@78T<D<5G
AC<d902J2Zd35>I.D.V02>(=.>789DE@B4@76#3?@\F8Td9d]Y.0L.D.0b47Z1@POp=0L4<5GRY8T470235470?`
c
Z.JU64(Z.1.V>(<Z.=.46#3fN0@POp=.8
x
J235dTdgOC10L02DG<Z.D.Y89DA89J2>(<E35>7>73fOY.3?@U3bZ.4(8TD.V68T02>735>7JU68TJf3?dJLdTZ.4@B02>(8TD.V`
t
A3v(<>~=.>(<1.dT0LA 89D
@76.0b89Dk@702>(=.>70@U3?@78T<D<5G@76.0b<Z@7=.Z@894Y.0L@702>(A89D.8TD.V@B6.0bDkZ.Aﬁ10L><5G$J2dTZ4(@B0L>74L`
m
035=.=.>(<E35JU6
@76.0=.>(<1.dT0LA<?G-Y.0@B0L>7AC8TD.89D.VY.89470f3?47047Z1@POp=0L4)Z.4(8TD.VAC8gp@BZ>70~AC<,Y02dT4L`
t
D<N502d#0L4(@B89A3y@B8T<5D
=>7<pJ202YZ.>70<5GX@B60=#35>B3?A0@B02>(4%8TDb@76.0A8 p@BZ.>(0~A<pY.0Ld.8T4RY0LN0LdT<=X02YC1#354(02YC<D3J2<Aﬁ1.8TD#3y@B8T<5D
<?G>B35D.Y<A&=>7<y(0LJL@B89<D.435DY@B6.00¡=X02J@U3?@78T<D
x
A3y,8TAC8T¢f3y@B8T<5D35dTV<5>789@76.An`HI0LJf35Z.4(0@B6.03?=
x
=>7<E35JU6894'=.>(<1#3518TdT894(@78TJ5K<Z>R35=.=>7<E35JU6=>7<vNp8TY.0L43£A023547Z>70IG<>¤@B6.0IDpZAb10L>R<5G#@7>7Z.0~JLdTZ.4@B0L>74
89DC3¥V8gN0LDY#3y@U354(0L@f`
m
0\8Td9dTZ.4@B>B3y@B0~<Z>35=.=.>(<E35JU6F8g@B635=.=.d98TJ23?@B89<D.4'@7<¥1X<5@764(8TAbZ.dT3?@B0LYC35D.Y
>(0f35d-A89J2>7<35>7>73vOY#3?@B3`
¦n§E¨]©bª y«+?¬ '=X02J23?@B89<D
x
Q­3y,8TAC8T¢23?@B89<D35d9V<>(89@B6AS®fV502D.0%0¡=>7024(4789<DY.3?@U3®?e89V6
x
Y.8TAC02D.4(8T<D.35d
Y.3?@U3®#QS8gp@BZ>70A<pY.0LdT42`
j
http://biostats.bepress.com/umichbiostat/paper46
¯I#"F	-#!"I
°6.0FY.0N0LdT<=.AC02DE@$<5GX<d98TV<DkZ.JLdT0L<5@B89Y.0I3?D.YJf/±
t
AC8TJL>7<E3?>7>B3fOp4%6#354%=X02>(A8g@7@702Yb@B60A<D
x
8g@B<>(8TD.V¥<5G@7>B35D.4(J2>(8T=@Ao\±
t
0¡,=.>70L474789<D<D3ﬁVd9<1#35dX1#354(8T4L`
t
N?35>7890L@PO<5G4(@B3?@B894(@78TJf3?d894747Z024
89D²@B6.0S35D#35dgOp478T4<?GAC8TJ2>(<E35>(>B3fO³Y#3y@U3´6#3fN0­1X020LDµ>(02J20LDE@Bd9O¶3?Y.Y.>70L474(02Y]K>735D.V89D.VG>7<A·d9<v
x
d90LN502d¤8T474(Z.024£47Z.JU6¸354=.>70L=.>7<pJ20L474789D.V35D.Y­D.<>7A35d98T¢f3y@B8T<5D<5G%@B6.0Y#3?@B3¹
j5r
K
j5syº
@B<Y.8g»-0L>70LDk@7835d
0¡,=.>70L474789<Dn<5GRV0LD.024F89Dn0¡,=0L>78TAC02DE@B35dJ2<DY.89@78T<D.4¹
hv{
K
hvwyº
`
°6.0´=.>(<1.d902A 35Y.Y.>(02474(02Y¼8TDﬂ@B68T4=#35=X02>894J2dT35474Y8T47JL<vN02>O½8TDJ235D.J20L>470L@(@B89D.V42`¾o\0
x
4(0f35>(JU6.02>(46.3vN50S4(6.<vFD¿@76#3?@CZ.4789D.V´A89J2>(<E35>7>73fOÀ@702JU6.D.<5dT<V5O5KI<D0Jf35D¶Y.0L.D.0SY8T470235470n47Z1
x
@POp=X0248TDnJf35D.JL02>(4£47ZJU6´354JLZ@U3?D.02<Z4£AC02d3?D.<A3S¹
syº
35D.Y­H
x
JL02d9dd9OpA=6.<A3S¹
h2º
`°6.0ﬁA3589D
@702JU6.D8TÁkZ.0G<5>JLd354(4Y.8947JL<N502>O­6#3?41X020LD6.8T0L>B35>(JU6.8TJ235dJ2d9Z.4(@702>(8TD.V¹
hfi?º
`F/0@B02>(A89D.8TDVbF6.8TJU6
JLdTZ.4@B0L>74b3?>70ÃÂ(>70235dTÄS35D.Y¸F6.8TJU6²3?>70CD.<5@=<4(024ﬁ3SA3(<>=.>7<51.dT0LA8TD´@B6.0J2<D.4(8TY.0L>B3?@78T<D¸<5G
JLdTZ.4@B0L>78TDV³>70L47Z.dg@B42`
c
0N0L>B35dAC0L@76.<,Y40,8T4@G<>3³>(02dT3?@B0LYﬂ=.>7<51.dT0LASK@B6.3?@<5G¥0L4(@B89A3y@B8TDV
@76.0DkZ.Ab1X02><5GJ2d9Z.4(@702>7489D¿3Y#3y@U354(0L@f`Å35>(dT8902>ﬁ)<>7Æk48TDJ2dTZY.0¸¹
wyº
K£¹
hfu?º
35D.Y¼¹
j,h2º
®AC<>(0
>(02JL02DE@)<>(Æ¸6.3541X020LDÃY.<5D.0<5DÃZ.4(8TD.Vn>70L4B35AC=.dT89D.V
x
1#35470LY´A0@B6.<pY.4zÇ0?`V.`gK'4(020¹
ryº
KT¹
hjº
35D.Y
¹
j5}?º|
`FÈPD­35Y.Y.8g@B8T<5D]K#@B6.0L>70ﬁ6.3vN50b1X0202D35d9@702>7D.3?@B8gN0¥J2dTZ4(@B0L>789D.VAC0L@76.<,Y<dT<V58T024Y0LN0LdT<=X02YSG<>
AC8TJL>7<E3?>7>B3fOY#3?@B3Sz05`ÉV.`¹
rº
KT¹
hvryºÊ|
`
m
0ﬁY.0N0LdT<=3CD.0LË3?=.=.>7<35JU6­@B<C#D.Y.89D.VY8T47023547047Z.1,@PO,=X0241.35470LY<D­AC8gp@7Z.>70¥A<pY.0LdT42`
t
A3(<>%JU6#3?dTdT0LD.V089D@76.8T44(0L@7@78TD.V¥8T4%@76.0FDpZAb10L>)<?G-4735A=dT024=.>(<5#d902YC8TDC3¥4@BZ.Y,OSzÇ1X0L@P)0202D
j?l
@7<
ulE|
8T4dT35>7V502>ﬁ@76#35DÅ@B6.0DkZ.Ab1X02><5GV02D024=0L>JU6.8T=ÌzÇ<>(Y.02><?G£4(0LN0L>B35dF@B6<Z.4B3?D.Y.4
|
`
°68T4=.>(<1.dT0LA I354>70LJ2<VD8T¢20LY¼89DË¹
hf}?º
G<>F6.89JU6Ì3³@P)<
x
4@U35V50A0@B6.<pY~3544(Z.VV0L4(@B0LY]`
+8T>74@fK¤@B6.0Y.3?@U335>(0=.>(<y(02J@B0LY¶89DE@B<3d9<)02>
x
Y.89A0LD.4789<D#35d%4(Z.1.4(=#35J20Z.4(8TD.V­478TDVZ.d3?>¥N?35d9Z.0
Y02J2<5A=X<478g@B89<D¼z
cpÍ
/
|
<5>C=>78TDJ28T=.35dJ2<AC=X<D.02DE@742`°6.0S4702JL<D.Yﬂ4@U35V50S89DkN5<d9N5024.@7@78TD.VÀ3
D<>7A35dkA8 p@BZ.>(0IAC<,Y.0LdpI354'@R@B<£@76.0~=.>(<y(02J@B0LYCY.3?@U3£1EOA389AbZ.AÎdT89Æ50LdT8T6<,<pY024(@78TA3?@B89<D]`
HI35470LYµ<D¶@B6.0n.@7@702YµAC8gp@7Z.>70AC<,Y.0LdÏK@B6.0SDkZ.Ab1X02>C<5GJ2d9Z.4(@702>(4J235Dµ1X0­4(02dT0LJL@702YﬂZ.4(8TD.VÀ3
HI3vO5024(835D
x
1#354(02Y89DG<>7A3?@78T<DJL>789@702>(8T<D]K_3?D.YJ2<5D.Y.89@78T<D.35d]<Dn@B6.894ÁkZ#35DE@789@POK4B35AC=.d9024FJ2<ZdTY
1X0354(478TV5D.02Yn8TDE@B<0235JU6­<5G¤@B60¥V5>7<Z.=42`
t
@B02JU6D.8TÁkZ.0@76#3?@6.35402AC02>(V02Yµ>702JL02DE@BdgOﬂ3?43ÃJ2<5A=X0L@789@B<5>@7<
cpÍ
/35D#35dgO,4(8T48TD¿@76.0
A35JU6.89D.0$dT0f3?>7D.89D.V£d989@B0L>B3?@7Z.>70894'>B3?D.Y.<AÎ=.>(<y(02J@B8T<5D.4¹
hvl?º
`'°6.894+@702JU6.D.89ÁkZ.06#354+10L02D35=.=dT8T0LY
@7<C@76.0A<?@B89G
x
#D.Y.89D.V=.>(<1.dT0LAÐ8TDJL<A=Z@U3?@78T<D.35d]1.89<dT<V?O´¹
u?º
`$ÈPDS@76.8T4\35>@B89J2dT0?K)0JL<Ab1.89D.0
@76.0nA8 ,@7Z.>70AC<,Y02dAC0L@B6<,Y.<5dT<V5OÀG<>A89J2>(<E35>7>73fO³Y#3?@B3´F8g@B6¿>B35D.Y<AÑ=.>7<(02JL@78T<D¶8TY0f354L`
t
DÃ3y@7@B>735JL@789N50G023?@BZ>70C<5GI@76.0A<pY.02d
x
1#3?4702YÀ35=.=>7<E35JU6¸8T4@76#3?@¥89@¥=.>(<Np89Y.0243n=>7<1#3?1.8Td98T4(@78TJ
JL>78g@B02>(8T<DG<5>F35474(02474(8TD.V@B60¥DkZ.Aﬁ10L>\<?G+@7>7Z.0J2d9Z.4(@702>(489DS3V8gN0LDSY#3y@U354(0L@f`
°6.0L>70$6#3541X0202D<5@B602>I<5>7Æ<D35=.=.dgOp8TD.VAC8gp@BZ>70%AC<,Y.0LdT4]@7<JLdTZ.4@B02>(8TD.VFV0LD.0$0,=.>70L474(8T<D
Y.3?@U3`¤ÈPDn¹
{l?º
AC8gp@7Z.>70)A<pY.02d94¤G<5>'@B6.0~35D#35dgO,4(8T4+<5G_A89J2>(<E35>7>73fOY.3?@U3)02>(04(@7Z.Y.8T0LY]®@B60~G<,JLZ.4
@76.02>(0~354F<DJLdTZ.4@B02>(8TD.VV0LD.024LK#F6.8Td90£I0F89476@B<J2d9Z.4(@702>F4B35AC=.d90242`
W
d9Z.4(@702>(8TD.V4735A=dT024894
<?G-V>(0f3?@89DE@B02>(024@)89DV02D.0F0¡=>7024(4789<D=.>(<5#d98TD.V4@BZ.Y8T024L`%°6.0FJ2dT35474(8TJf3?d.A0@B6.<pYG<>%V>(<Z.=.89D.V
{
Hosted by The Berkeley Electronic Press
@7Z.AC<>741EOÒY.<,J@B<>(46#354­1X020LDÌ1#3?4702YÌ<DÌ6.894(@7<=#3?@76.<dT<5V8TJ235d£0N53?dTZ#3?@78T<D½<5G@B6.0¸4B3?A=.d9024L`
/0L47=.8g@B0@B68T4@U3y,<D<AﬁOK¤@B6.0L>70C8T44(@78Td9d%V>7023?@¥6.0L@702>7<5V02D.0L89@PO¸8TD´@B0L>7AC4<5GJ2d98TD.89Jf35d+<Z@7J2<AC0
3?A<DV@BZA<>(4£JLd354(4789.02Y@B<10ﬁF8g@B6.89DS@76.0b4B3?A0V>7<Z=]`e89V6
x
@76.>7<5Z.V6.=.Z,@@702JU6.D.<5dT<V89024LK
4(Z.JU6354$AC8TJ2>(<E35>(>B3fOp42Kk<5»02>)@76.0\=<5@702DE@B8T35d_<5G]Y0LN0LdT<=8TD.Vﬁ3¥#D.0L>IJLd354(4789.Jf3?@78T<D=.>(<5#dT0\1#354(02Y
<5DﬂV02D0­0,=.>(024(478T<5D½@76#3?@F8TdTdFd90f35Y¶@B<³1X0L@(@B02>=.>70LY.8TJ@B8T<5Dµ<5GJLdT8TD8TJf3?d>7024(=<5D.470­@76#35Dµ@76.0
JLd354(4789Jf35d4(@B35V89D.VAC0L@B6<,Y]`SÈPDÅ35Y.Y.8g@B89<D]K'4(Z.JU6²J2dT35474(89#J23?@B89<DÃ4Op4(@B0LA4AC8TV56k@ﬁ35d947<d90f35Y¸@B<
@76.0=<?@B02DE@7835dXG<>A<5>708TDY.89Np8TYZ#35dTdgO@U3589dT<>(02Y@B>(0f3?@7A0LDE@F>702V58TAC02D.4L`
°~)<²=#35=X02>(4¹
i
K
hfw?º
6#3fN0=.>(<=X<470LYdT8TÆ?02d98T6.<p<,Y
x
1#354(02YÅAC0L@B6<,Y.4@B6.3?@8g@B02>73?@B0n1X0L@P)0202D
JLdTZ.4@B0L>78TDV@B6.0V0LD.00,=.>(024(478T<5DÀY#3y@U335D.Yd9<,<Æk89D.VG<>JL<ACA<D>(02VZd3?@7<>(OnAC<5@B8gG48TD­@76.0
Z=.4(@7>70f3?A&>(02V89<D.4<5GV502D.0L4£@B6#3y@35>70ﬁJ2<p<>7Y.89D#3?@702d9O0¡,=.>70L47470LY]`

Z>=.>7<5=<4735d'Y89»02>74\G>7<A
@76.024(08TD³4(0LN502>B3?d~>70L47=X02JL@742`À'8T>(4(@2K'I0Y<D.<5@JL<D.4(8TY.0L>ﬁ@B6.0V02D.04(02ÁkZ.0LD.J20Y#3?@B310LJf35Z470
d9<,<5Æp89D.VG<>CJ2<ACA<5D¿>(02VZ.dT3?@B<5>(OÅAC<5@B8gG4C894=>7<1.d902A3?@B89JY.Z.0S@7<Ã@B60­=.>(02470LD.J20­<5G0,<D.4L`
c
02J2<5D.Y]K?)0~JL<D.4789Y.02>¤AC<>70V0LD.02>735d,JL<vN53?>783?D.J20$4(@7>7Z.J@BZ.>(024'G<>@76.0IJLdTZ.4@B02>(42®5)0IF89dTdY.0L47JL>78T1X0
@76.02A¾d3?@702>R89D@76.0F=#35=X02>L`RÈPD3?Y.Y.89@78T<D-K5@B6.0L47035Z@76.<>74%Z4702YA8 p@BZ.>(0A<pY.02d94'F89@76D.<>7A35d9d9O
Y8T4(@7>7891.Z@B0LYﬂJ2<5A=X<D.0LDk@742`

Z.>0¡=X02>(8T0LD.J20´6#35410L02D@B6#3y@8TDAC8TJL>7<E3?>7>B3fOÅ0¡=X02>(8TAC02DE@B4LK
@76.02>(0S@702D.Yµ@7<Ã1X0SA35DEO¶V02D024@76#3?@35>70S<Z@7dT8T0L>74L`°6.8T4C6#35410L02D35d947<ÀD.<5@B0LYµ1EO¿<5@B6.0L>
3?Z@B6.<5>74¹
hvs
K
jyi5º
`
W
<D4702ÁkZ.0LDE@Bd9O5K+)0CF89dTdRY0LN0LdT<=¸>7<51.Z.4(@024@B89A3?@78T<DG<5>A8 ,@7Z.>70AC<pY.02d94
1.35470LY­<D@B6.0AbZd9@B8gN?35>78T3?@B0\ÓY.8T4@B>(8T1.Z@78T<D¸¹
jjyº
3?D.YSJL<D.4(8TY.0L>\=X02>G<>7AC8TDVC89DG02>(02D.JL0<Dn@76.0
DkZ.Aﬁ10L>\<?G'JL<A=X<D.0LDE@B4FZ.4789D.VC35Dn35=.=.>(<f89A3y@B0H~3fO0L478T35DS89DG<>(A3?@78T<DJ2>78g@B0L>78T<5D]`
°6.0G<5>7A3?@<?G@B6.0=#3?=0L>8T4354G<d9dT<vF42`ÔÈPD
c
02JL@78T<D
j
KF)0Y.0L47J2>(8T1X0­@B60Y#3?@B3²35D.Y
AC<pY.02d)35D.Y²=.>(<vN,89Y.04(<A0>7024(Z.d9@74bG<>ﬁ>735D.Y.<5AÕ=.>(<y(02J@B89<D.4ﬁG<>ﬁA8 ,@7Z.>70L4b<5GFAbZd9@B8gN?35>78T3?@B0
@
x
Y.894(@7>78T1Z@B89<D.42`
c
02J@B89<D
{
G0f3?@7Z.>70L4\<5Z.>=.>7<5=<4735d-G<>I024(@78TA3?@B89<D<5G¤@B60=#35>B3?A0@B02>(4Z.4789D.V
>735D.Y.<5A =>7<y(0LJL@B89<D.435D.Yµ@76.00,=X02J@U3?@78T<D
x
A389A89¢f3?@78T<DÅ3?dTV<>(89@76.AS`
m
0D0p@Y.0LA<D
x
4@B>73?@B03?=.=.dT89Jf3?@78T<D4ﬁ<5G\<Z.>ﬁA0@B6.<pY.<d9<V5O´@B<4(8TAbZ.dT3?@B0LY²35D.YÅ>(0f35d)A89J2>7<35>7>73vO¸Y#3y@U3`

Z.>
A3589DJ2<AC=#35>(8T47<5D.4F8Td9d'1X0CF8g@B6@B6.0@P)<
x
4@U35V50JLdTZ.4@B02>(8TD.V=.>(<,JL02Y.Z>70C<5G¹
hv}?º
3?D.Y¸F8g@B6¸3
4(8TAC8TdT35>R=.>(<,JL02Y.Z.>(0Z.4(8TD.VbD<>7A35d_A8 p@BZ.>(0AC<,Y02dT4$8TD4(@B0235Y<?G@
x
Y8T4(@7>7891.Z@B89<DA8 p@BZ.>(0AC<,Y
x
0LdT4¥¹
hvl?º
`
c
<AC0J2<DJ2dTZY.8TD.V>(02A35>7Æk4\35>70A35Y.089D
c
02J@B8T<5D
r
`
Ö¤×ﬁØ
ÚÙF##ËﬃÛ"\¤Ü!
ÝpÞÊßàá5âÚá
ã0L@£¨Åäqz¨+åæfçfçfçLæ7¨]è
|
Y.0LD.<5@B0@B6.0bV502D.0b0¡,=.>70L474789<D´=.>7<?#dT0L4£@B<1X0bJLdTZ.4@B02>(02Y]KF6.02>(0b¨]é
894¥3ê
x
Y.8TAC02D478T<5D#35d'N502JL@7<>zëì
h
æfçfç2ç2æBí
|
`
m
0CF89dTd%3?4747ZA0@B6#3y@@76.0Y.3?@U36#3fN035dT>(0f35YO
1X020LDS=>702=>7<pJ2024(470LY35D.YD.<>(A3?dT8T¢L02Y1X<5@B6F8g@B6.89DS3?D.Yn35J2>(<474\47d98TY.0L42`
m
0G<>7AbZd3?@70@B6.0G<d9dT<vF8TDVA<pY.0LdÏ[<51.470L>(N?3?@B89<D.4C35>(0n89D.Y.0L=0LD.Y.02DE@35D.Y¶8TY02DE@B89Jf35d9d9O
i
http://biostats.bepress.com/umichbiostat/paper46
Y8T4(@7>7891.Z@B0LY>70f3?dT8T¢23?@B89<D.4$G>7<A
@B6.0Y.0LD.478g@PO
î
z¨'åUæfçfçfçLæ7¨]è
|
ä
è
ï
é ðå
ñ
ò ó
ðå.ô
ó
î
ó
z¨-éBõ÷ö,æ7ø
ó
æù
ó
|
æ z
h|
F602>70
ô
ó
zÏú¿ì
h
æfç2çfç2æUû
|
8T4b@B60=.>7<1.351.8Td989@PO´@B6.3?@35DÅ<1.4(02>N53y@B8T<5D¶1X02d9<D.V4@B<@B60­úk@B6
V5>7<Z.=-K#35D.Y
î
ó
z¨-é7õ÷öpæBø
ó
æLù
ó
|
ä
õù
ó
õü
åýÚþ¡ß 
zÏöê
|j
ß
z
h5j|
	
ß
z ê
j|
ö
	
ýÚþ 
h

z¨]é²ø
ó
|
ù
ü
å
ó
zÊ¨]é²ø
ó
|
ö 
ü
	
ýÚþ
æ
z
j|
894I3¥AbZ.dg@B89N?35>(83?@70I@~Y02D.4(89@POF89@76AC0f35Dø
ó
KpJ2<vN?35>78T35D.JL0A3?@B>(8gù
ó
35D.YY02V>(02024I<5G]G>70L02Y.<5A
öX`R°6kZ.4I89Dz
h|
KE)0£6#3fN0\>70L=.>70L470LDk@702Y@B60\V502D.00,=.>70L474(8T<DY#3?@U3354$35>7894789D.VG>7<A 3¥A8 p@BZ.>(0
<?GRû AbZ.dg@B89N?35>(83?@70@
x
Y.894(@B>(8T1.Z,@B8T<5D.42`
°¤<1X0L@7@702>+Z.D.Y.0L>74(@B35D.Y@B60IJ2d9Z.4(@702>(4'G>7<AË3\V02<AC0L@7>789J)=X02>(47=X02JL@789N505K)0~Z.470)@B6.0~4(=0LJL@7>B35d
x
1.35470LY=#35>B3?A0@B>789¢f3?@78T<DC<5GRù
ó
zúì
h
æfçfç2ç2æUû
|
K4789A89d35>R@7<ﬁ@B6.3?@~4(Z.VV0L4(@B0LYG<>IAbZd9@B8gN?35>78T3?@B0
D<>7A35d-AC8gp@7Z.>70AC<,Y02dT4I8TDÀ¹
{yº
[
ù
ó
ìﬁﬀ
óﬃﬂó

óﬂ

ó
æ z
{E|
F602>70
ﬂó
8T4@B6.0´A3?@B>(8g¿<5G028TV502DEN0LJL@B<5>74n<5GCù
ó
K ﬀ
ó
8T43²JL<D.4(@B35DE@n<5Gﬁ=>7<=X<>(@78T<D.35dT8g@POK
3?D.Y

ó
8T4b3Y.835V5<D#35d)A3?@7>78 Ã<?G\N?35d9Z.024ﬁ=.>7<=X<>@B8T<5D#3?@B0C@B<@76.00289V02DEN?35dTZ024<5Gù
ó
`¸°6.0
=.35>B35AC0L@702>!ﬀ
ó
8TDÃz
{E|
J2<5Dk@7>7<d94@B6.0N<d9Z.AC0G<5>~@B6.0ﬁúp@B6SJ2<AC=X<D.02DE@2K

ó
8g@B4F476.35=035D.Y
ﬂó
8g@B4\<>78902DE@U3y@B8T<5D]`°6.024(0JU6#35>735JL@702>7894(@78TJ24Jf35D­10024(@78TA3?@B0LYSG>(<Aq@B6.0Y#3?@U3,`
m
0ﬁ6#3fN50bdT894(@B0LY
=X<4(478T1dT0JL<N?35>(835DJ20A3y@B>78 4(=0LJ28g#Jf3?@78T<D4\89D°'3?1.dT0
h
`
°6.0L>7035>70~@P)<ﬁ=X<89Dk@74R@B<D.<5@70\351<5Z@<Z.>AC<,Y.0LdÏ`+'8T>(4(@2KI0\6#3fN0\JU6.<4(02D3AbZd9@B8gN?35>78T3?@B0
ÓﬁY.8T4@B>(8T1.Z@78T<D³G<5>b@B6.0nJ2<AC=X<D.02DE@CY.0LD.478g@B8T0L48TD.4@B0f3?Y¿<5G@B6.0AC<>70=X<=.Zd35>AbZd9@B8gN?35>78T3?@B0
D<>7A35d¤Y.8T4@B>7891.Z@78T<DS10LJf35Z.4(0b@B6.0Y.3?@U3G>(<A&AC8TJL>7<E3?>7>B3fO4@BZ.Y.89024@702D.Y@B<6.3vN50>70Ld3?@789N0Ld9O
60f3fNkOC@B358Td94RJ2<5>7>70L47=X<D.Y.89D.V@7<¥@76.0\<Z@BdgOp8TD.V<1.4(02>N53y@B8T<5D.4)89DA89J2>7<35>7>73vOﬁY#3?@B3`%oF0f354(<D.4G<>
<5Z@Bd98T02>(4~8TDJ2dTZY.00,=X02>(8TAC02DE@U35dN53?>783y@B8T<5D8TDAC8TJL>7<E35>(>B3fOC@B02JU6D.<dT<5V8T0L4F354~I0LdTd35418T<d9<V8TJ235d
N?35>(83?@78T<D¹
hs
K
j?i?º
`
c
0LJ2<DY]K£89DµF6#3?@G<d9dT<vF42K~)0´354(47Z.AC0@B6.0=.35>B35AC0L@702>öﬂ@7<²10S@B6.04735A0SG<>35d9d£û
JL<AC=<D02DE@B4$8TDC@B6.0\A<pY.0LdÏ`
m
68TdT0)0£JL<Z.dTYV02D02>B3?dT8T¢L0z
h|
@B<35dTd9<vµG<>)ö
ó
zÏúCì
h
æ2çfçfçæUû
|
3?4Z.DÆpD<FDÃ=#35>B3?A0@B02>(4¥@7<S1X0C024(@78TA3?@B0LY]KI0JU6.<,<5470CD.<5@¥@B<­Y<S4(<SG<>470N0L>B35d)>70f3?47<D.4L`
+8T>74@fK¤@B6.894ﬁF8Td9d$4(8TAC=.dT8gGÊO@B60J2<AC=.Z@B3?@B89<D#35d$35d9V<>(89@B6AD.02JL02474735>(OÃG<>ﬁ0L4(@B89A3y@B8T<5DÀ<5G@76.0
=.35>B35AC0L@702>(4C89D²@B6.0AC8gp@BZ.>(0A<pY.0LdÏ`
c
0LJ2<D.Y-KI@B6.0L>70n8T4D.<¸1.89<dT<V58TJf3?d)>(0f354(<D
á#"%$'&)(*$'&
@B<
1X02d98T0N0@76#3?@ﬁY.89»02>(02DE@bV>(<Z.=.89D.V4<5GF4B35AC=.d9024ﬁ4(6.<Z.d9Y³6#3fN0Y.89»02>(02DE@Y.0LV>70L024b<5GG>(020LY.<An`
ÈPD4(@B0235Y¶89@8T4b@76.0dT<pJf3?@78T<DÅ3?D.YÅ47Jf3?dT0=#35>735A0@B0L>74SzÇø
ó
35D.Yù
ó
|
@B6#3y@C)00,=X02JL@C@B<´N?35>(O
1X0L@P)020LDJ2d9Z.4(@702>74L`%°6.8T>(Y]Kp1#35470LY<D@76.0£AC<pY.02d_470LdT0LJL@B89<DJL>78g@B02>(8T<D)0Y.02>(89N50£d3y@B02>LKEI0J235D
r
Hosted by The Berkeley Electronic Press
@7024@@B<4(02089GY.8g»-0L>70LDk@N?35d9Z.024G<>öSOp8T0LdTY1X0L@7@702>£@B4@B<@76.0AC<,Y.0LdÏ`

Z.>A3589DV<E35d9435>(0
@7<A3?Æ508TDG0L>70LD.J20<D¸û³K@B6.0DkZ.Aﬁ10L>¥<?GIJL<A=X<D.0LDE@B435D.Y¸J2<5D.Y.89@78T<D.35d+<5DÃû³K]@7<S3?474789VD
4735AC=.dT0L48TDE@B<0f3?JU6S<5G¤@B60¥4(Z.1.V>(<Z.=.4L`
ÝpÞTÝ,+á.-%/0(*12"%$(43ﬃ56â
&)(*-87:9ﬃ(*$ 1;&=<â
>?$@57;(49
Ó
/.&A7â
$'&
B>,â
&)(*-87
t
4A0LDk@78T<D02Y´10G<>70?K+89D´V02D.00¡=>7024(4789<DÃ4@BZ.Y.89024¥8TDEN<5d9Np8TD.VAC8TJL>7<E3?>7>B3fO­Y#3?@U3,K_ê´F89dTdR1X0
@POp=.89Jf35d9d9Oﬁd35>(V02>R@76#35Dí+`RÈPD<5>7Y.0L>$@7<>(02Y.Z.JL0@76.0Y8TAC02D.4(8T<D#3?dT89@PO<5G,êKp)0\Z.470>B35D.Y<A =.>7<
x
(0LJL@78T<DAC0L@B6<,Y.4L`
m
6.89dT0~@B60\>(02d90LN?35DE@@B6.0L<>(O6#3?4$1X020LDY.0N0LdT<=X02YCG<>>B35D.Y<A =.>(<y(02J@B8T<5D.4
1.35470LY<DAbZd9@B8gN?35>78T3?@B0D.<5>7A35d_A8 ,@7Z.>70L4¹
hvl?º
K,8g@I6.354ID.<?@~1X0202DY0LN0LdT<=X02YG<5>)AbZd9@B8gN?35>78T3?@B0
@
x
Y.894(@7>78T1Z@B89<D²A8 p@BZ.>(0nAC<pY.02d942`¿e<vI0N0L>2KF4789D.J20@B6.0nAC0L@B6<,Y.4<5G=.>7<p<5G\G<>@B6.0S>7024(Z.d9@74
=>7024(02DE@B0LY³6.0L>7035>70CÁkZ.89@70C4(8TAC8TdT35>@7<n@76.<470C8TDµ¹
hvl?º
K)04@U3?@70<5Z.>>7024(Z.d9@74ﬁ3?4¥d902ACA3?435D.Y
>(0LG0L>@B60b8TDE@B0L>70L4(@B0LY´>70f3?Y.02>£@7<´¹
hvl?º
G<>@76.0bY.0@U3589dT42`ã0@Z.4#>74@J2<D478TY02>£@76.0bJf3?470bF6.0L>70
û ì
h
35D.YﬂùÕìDC
þ@E
	
`Ã°602DÅ@B6.0D.<>(A <5G\<D0<1.470L>(N?3?@78T<DGF 6#3540,=X02J@B02Y¿47ÁkZ#35>(02Y
%Z.JLdT89Y.0f35D­D.<>7AIH'FJH
þ
ä¾íKC
þ
ö-zÏöL
j|
ü
å
`H~354(02Y<D´35>(VZ.AC02DE@B4Z.4789D.V@B60bA<5A0LDk@V0LD
x
0L>B3?@78TD.VbGZD.JL@78T<D]K,I0¥Jf35DnY.0L>789N50@B6.0G<d9dT<vF8TD.Vﬁ>7024(Z.d9@2`
M§0NJN
PO#¬
#<>F35DEO#QSR
l
K@76.02>(00¡,8T4(@FJL<D.4@U35DE@B4UTåæT~þSR
l
47ZJU6S@B6.3?@
Vz¡õWH'FJH
þ
³íKC
þ
ö]zÏö;
j|
ü
å
õRﬂíKC
þ
ö]zÏö;
j|
ü
å
Q
|YX
Tå0¡,=¤zZUT~þUí[Q
þ
|
ç
°6.0£>7024(Z.d9@~<5Gã02ACA3
h
8T4@B6.0£A354(4~<5GAC<4(@)<5G@76.0Y.894(@B>(8T1.Z,@B8T<5D<5G\Fq894IJL<D.J20LDE@B>B3y@B02Y
3?>7<Z.DY3>70LV8T<DC<5G->B35Y.89Z.4
 
íKC
þ
ö]zÏöU
j|
ü
å

åýÚþ
`%#<>AC<>70FV0LD.02>735d_J2<vN?35>78T35D.J20FA3?@B>(8TJL024~ùK
@76.04B3?A0£@POp=X0<5G¤>7024(Z.d9@F89dTdX6.<d9Y][RD#35AC02dgOKp@B6.0A3(<>(89@PO<5G@B6.0A35474<?G¤@76.0Y.894(@B>(8T1.Z,@B8T<5D
F89dTddT8T0F89@B68TD35Dn02d9dT8T=47<89Y<5G+>B35Y.89Z.4]H^YH_´ì¼í
åýÚþ
K.F6.02>(0`H^aH_´ìb^

ù
ü
å
^%`
HI0G<>70£4(@U3y@B8TDVﬁ@B6.0£>7024(Z.d9@74~8TDEN5<d9Np8TDVb>B35DY.<A
=.>7<y(0LJL@78T<D.4LK,)0#>74@Y.0#D.0470L=#35>7351.8Td989@PO
<?G#@
x
Y8T4(@7>7891.Z@B89<D.4L`¤°~)<AbZ.dg@B89N?35>(83?@70R@%Y.894(@B>(8T1.Z,@B8T<5D.4¤ÓLzø+å¡æLùå¡æUö
|
35D.YbÓLzø]þfæLùþfæUö
|
35>(0I4B3?8TY
@7<b1X0J
x
4702=.35>B3?@702Y89GcH¡ø¤å\´ø]þ.HUdbe2ö]zöf
j|
ü
å
A3y]z)ﬀhgji)k5zPùå
|
æ'ﬀhgji)k5zPùþ
|7|
æ,F6.0L>70fﬀhgji)k5zPù
|
894£@B60d35>(V024@0289V02DEN?35dTZ0b<5G$@B6.0A3?@B>(8g´ù`
t
AC8gp@BZ>70b<5G@
x
Y.894(@B>(8T1.Z,@B8T<5D.4£894J
x
4702=.35>B3?@702Y
8gG89@74~J2<AC=X<D.02DE@Y8T4(@7>7891.Z@B89<D.43?>70=#3?8T>(F89470J
x
4(02=#35>73?@B0LY]`$H~354(02Y<D@B6.0L470Y.0#D.89@78T<D42K,)0
4@U3?@70@B6.0D.0¡,@\>(0247Zd9@f`
M§0NJN
Jl¬
c
Z.=.=X<470¥@B6#3y@£@B60ﬁY.894(@B>(8T1.Z,@B8T<5DS89D³z
h|
894J
x
470L=#35>73?@B0LY]`£ã0@ mLR
l
35DYnQ R
l
`
°602DF8g@B6=.>(<1#3518TdT8g@PO3?@IdT02354(@
h
nmkK,@76.02>(00,8T4@B4I35D#o R
l
4(Z.JU6@B6#3y@I@B60£=.>(<y(02J@B8T<5D<5G
@76.0A8 p@BZ.>(0$<?G@+Y.8T4@B>7891.Z@78T<D.4<5Dk@7<£3F>B3?D.Y.<Aqp
x
Y8TAC02D.4(8T<D#3?d547Z1.47=#3?J20)Op8902dTY4+3ﬁzreﬃs
h
tQ
|Úx
4(02=#3?>B3?@702YnA8 ,@7Z.>70<?G+@FY.894(@7>78T1Z@B89<D.48TD#uwvK#=.>(<vN,89Y.02Y@B6.3?@!pLdboxQ
ü
þ
dT<5V_zÏú
þ

m
|
`
}
http://biostats.bepress.com/umichbiostat/paper46
m6.89dT0)0S6#3fN50D.<5@C0,=.d98TJL89@BdgO³Y.0#D.0LYﬂ@B6.0n>B35DY.<AÑ=.>(<y(02J@B8T<5D]KI8g@894C3ÀdT89D.0f3?>A35=
x
=8TD.VnG>7<Ayu
	
@B<zu v `­°6kZ.42K8gG~@B6.0<>789V8TD.35d%Y#3?@B335>70CG>7<A 3­AC8gp@7Z.>70CY.8T4@B>(8T1.Z@78T<D¸<5GÓ
Y8T4(@7>7891.Z@B89<D.4LK47<S@7<,<S35>(0@76.0C=.>7<y(0LJL@702Y³Y#3y@U3`ÈÚG)@B6.0C<>(8TV89D#35d'Y.3?@U3S35>70470L=#35>73?@B0LY]K+@76.02D
1EO°6.02<5>702A
j
Kp=.>7<y(0LJL@78TD.Vﬁ@76.0Y#3y@U3ﬁ89Dk@7<3ﬁd9<)02>
x
Y.89A0LD.4789<D#35d#4(Z.1.4(=#35J20F89dTd_=.>70L470L>(N0@76.0
4(02=#3?>B3?@78T<D¥F89@B6¥GÇ358T>(d9O68TV6=.>7<1.351.8Td989@PO5`¤ÈPDGÇ35JL@2K1EO°602<>(02A
j
K5)0IJf3?D=.>7<y(0LJL@R3£A8 p@BZ.>(0
<?G+úAbZ.d9@789N?35>(83?@70FÓ
x
Y.8T4@B>(8T1.Z@78T<D4)<5G¤Y.89A0LD.4789<Dê89DE@B<3b4(=#35J20<?G+Y8TAC02D.4(8T<D{pì}|zÇdT<5V$ú
|
3?D.Y4(@B89dTd>70L@B358TDAC<4(@F<?G+@76.04702=.35>B3?@78T<D1X0L@P)020LD­@B6.0AC8gp@BZ>70J2<5A=X<D.0LDk@742`
°6.0C<5@76.02>>70L47Z.dg@8TDEN<5d9N0L4¥@76.002JLJ202DE@7>78TJL89@PO¸354(47<pJ28T3?@B0LY´F8g@B6´@B6.0JL<N?35>(835DJ20A3y@B>789J20L4
<?G-@B60£J2<5A=X<D.0LDk@)Y.894(@B>(8T1.Z,@B8T<5D.48TDz
{E|
`'°6.0£0LJ2J20LDE@B>789J28g@PO<?G3A3?@B>(8gùË894$@76.0£>73?@B89<<?G]89@74
dT35>7V5024(@~028TV502DEN?35dTZ.0@7<C8g@B44(A35d9dT0L4(@0L8TV0LDkN?35d9Z.05`
M§0NJN P~]¬ _<5>35DEO
l`
Q
X
h
35D.YmR
l
K89G%@76.06.89V6
x
Y8TAC02D.4(8T<D#3?d02J2JL02DE@B>(8TJL89@PO<5G%@76.0
ú
x
J2<5A=X<D.0LDk@A8 ,@7Z.>70ﬁA<pY.02d~z
{E|
8943?@AC<4(@ |zÇí
åýÚþ
Q@m

dT<V)ú
|
K]@B6.0LD´F8g@B6=.>(<1#3518TdT8g@POS3?@
d90f354@
h
tmpK.@76.0=.>7<(02JL@702Yn@FJ2<AC=<5D.02DE@B4F89dTd-6.3vN500LJ2JL02DE@B>(8TJ28g@POdT0L474@B6#3?Dn<5>\0LÁkZ#35d]@B<
j
`
°6.0ﬁJ2<D.JLdTZ.4(8T<DS<5Gã02ACA3
{
894\@76#3?@0LN502D´89G+@B6.0<>789V8TD#3?dY#3?@U335>706.8TV56
x
Y.89A0LD.4789<D#35dK
@76.0=.>(<y(02J@B89<D<5G@B60Y#3?@U3b89DE@B<ﬁ@76.0dT<v)02>
x
Y.89A0LD.4789<D#35dX47Z.147=#35JL0dT0f3?Y.4)@7<A<>(047=6.02>(8TJf3?d
JLdTZ.4@B0L>742`°6.894@PO,=X0C<5GI>(024(Z.d9@894¥4(8TAC8TdT35>\@7<>7024(Z.d9@74G<>=.>7<(02JL@78T<D¸=.Z.>(47Z.8g@¥A0@B6.<pY.4C¹
hh2º
`
t
4FA0LDk@78T<D02Y10G<>70?K_ã02ACA354
h {
Jf35Dn1X0¥=>7<vN0LD­Z.4(8TD.V@B60@702JU6.D8TÁkZ.0248TD¸¹
hvl?º
`
c
p.ﬃ
'.")À#"F	#;¼Ü!$")_ÚﬃÛ
°6.0>70L47Z.dg@B4FG>7<A @76.0¥=.>70N,89<Z.4\470LJL@B89<D­AC<5@789N?3?@B0@76.0G<dTd9<F89D.V024@B89A3?@78T<D=.>(<,JL02Y.Z>70
G<5>~@B6.0AC8gp@BZ.>(0AC<,Y.0Ld-G<>JLdTZ.4@B02>(8TD.V4735A=dT024F1#3?4702Yn<DnA89J2>(<E35>7>73fOY#3y@U3`
h
`Fo3?D.Y.<ACd9O=.>7<(02JL@$0235JU6¥ê
x
Y.89A0LD.4789<D#35dp<1.4(02>(N?3?@78T<D89Dk@7<3p
x
Y.8TAC02D478T<5D#35dp47Z.1.4(=#35JL05K
F6.02>(0Łp

ê`
j
`F'89@\3AC8gp@BZ.>(0A<pY.02d1.35470LY­<D@B6.0@
x
Y.8T4@B>(8T1.Z@78T<DZ478TDVA3y,8TAbZA d98TÆ50LdT896.<,<pY024@B8
x
A3y@B8T<5D]`
{
`
t
4(478TV5D@B6.0<>789V8TD.35d.<1.4(02>N53y@B8T<5D.4)@76.0£dT3510LdT41#354(02Y<DC@B6.0A8 p@BZ.>(0AC<,Y02d_>70L47Z.dg@B4I89D
4(@702=
j
`
oF02J235dTd_@B6.3?@<Z.>IV<E35dX8T4I@7<Y.0L@702>(A89D.089G@76.02>(035>(035DEOY.894702354704(Z.1@POp=0L4F8TD@B60Y#3?@B3`%°6.0
=Z.>7=X<470F89DG<5>7AbZ.dT3?@B89D.VAC<,Y02dz
h|
8T4R@B<¥Z.dg@B8TA3?@702d9O¥A35Æ50F89DG02>(02D.JL03?1<Z,@$û³Kk@76.0\DpZAb10L>
<?G47Z.1V>7<Z=.48TD¶@B6.0Y.3?@U3KF3?D.Yﬂ@B<Ã35474(8TVDﬂ4735AC=.dT0L4@B<Ã0f35JU6<5G@76.04(Z.1.V>(<Z.=.4L`ÎHI0LG<>(0
3?Y.Y.>70L474(8TD.V´@B6.8948T4(47Z.0?K))0S0¡.3?A89D.04(@702=.4
h
3?D.Y
j
<5G@B6.0=.>(<=X<470LYµ35d9V<>(89@B6AÕ89D¶AC<>(0
Y0L@U3?8TdÏ`
s
Hosted by The Berkeley Electronic Press
kÞÊßU5-K5$7á5â
&-0L$(á.-%/0(*1"%$@(43ﬃ56â
&)(*-87
t
>735D.Y.<5A =.>(<y(02J@B8T<5DSJ235D10>70L=.>70L470LDk@702Y3?4F3,pC1EOêSA3?@7>78g`
c
8TD.JL089@FY.<p024FD.<5@FY02=X02D.Y
<5D@76.0Y#3?@B3K.89@F8940f354(8TdgOV0LD.02>73?@B0LYSZ.4(8TD.V@76.0G<dTd9<F89D.V35==.>7<E3?JU6][
h
`\:0LD.02>73?@B0¥3,p

êSA3?@B>(8g<5G'898TY±ﬁz
l
K
h|
>B3?D.Y.<A N?35>(8351dT024L`
j
`\Q­35Æ?0\@76.0!p>7<vF4<5GX@B6.0FA3?@B>(8g<>@B6.<V5<D#35d.1EOZ478TDV@76.0:>735A
x
c
JU6.AC8TY,@%35d9V<>78g@B6.An`
°68T4R3?dTV<>(89@76.AÔ@U35Æ?024:|zrp
þ
ê
|
<=X02>B3y@B8T<5D.4R35DY>7024(Z.d9@74R8TDﬁ3 p

êA3?@B>(8g  `

D0I=#35>735AC0L@B0L>
89D¸@76.8T4¥=.>(<,JL02Y.Z.>(0@B6.3?@ﬁD0202Y4ﬁ@B<S10=.>70
x
47=X02JL89#0LY³1EO´@B6.0Z.470L>ﬁ8T4p#`
m
6.8Td90C8g@ﬁAC8TV56k@¥1X0
=X<4(478T1dT0@B<ÀA35Æ?0zp²3´=#35>735AC0L@B0L>C@7<Ã1X0S0L4(@78TA3?@B0LY¿<>C<=@78TAC8T¢L02Y¶8TD¶47<AC0nGÇ3?476.89<D]KI<5Z.>
3?=.=.>7<35JU66#3541X0202D@B<@7>(O4(0LN502>B3?dkN?35d9Z.024<?G8p\8TD<>(Y.02>]@7<\35474(02474¤470LD.478g@B8gN,8g@PO<5Gk@76.0J2dTZ4(@B0L>789D.V
>(024(Z.d9@742`
kÞTÝ,´áﬃ<&1;>01&A5&A((/7âr&1Cá5â
&)(*- >7&-0â¡5 Ñá.¢0(*$'&Êâ¡01
c
Z.=.=X<470¥@B6#3?@öS8T4\ÆkD.<vFD8TD³z
h|
`
t
GÊ@B0L>£6#3fNp8TDV35=.=dT8T0LYS@76.0ﬁ=.>(<y(02J@B89<D­A3?@B>(8g

@B<@76.0
<5>78TV58TD#35dXY#3?@B3K)06.3vN50898TY<14702>N?3?@B89<D.4£¨]é-ä

¨]éIzÇë+ì
h
æfçfçfçLæBí
|
G>(<A @76.0¥Y.02D.4(89@PO
£
î
z¤£¨'å¡æ2çfçfç2æ£¨]è
|
ä
è
ï
é ðå
ñ
ò
ó
ðå
ô
ó
£
î
ó
z¤£¨]é(õ÷ö,æ
£
ø
ó
æ
£
ù
|
æ z
ik|
F602>70
£
î
ó
z¤£¨-é7õ÷öpæ
£
ø
ó
æ
£
ù
ó
|
ä
õ
£
ù
ó
õ
ü
åýÚþ
ß 
zÏöPp
|¥j0
ß
z
hj|
v
ß
z
p
5j|
ö
v
ýÚþ
§¦
h

z¤£¨]é%
£
ø
ó
|

£
ù
ü
å
ó
zÊ¨]é
£
ø
ó
|
ö
ó ¨
ü
v

ýÚþ
æ
z
r|
£
ø
ó
ì

ø
ó
K
£
ù
ó
ì

ù
ó


`$H)O31.354789J¥=>7<=X02>@PO<5G¤@B6.0AbZ.dg@B8gN53?>783y@B0@
x
Y.894(@7>78T1Z@B89<D]K
£
î
ó
z¤£¨-é7õ÷öpæ
£
ø
ó
æ
£
ù
ó
|
ìx©+z¤£¨]é(õ
£
ø
ó
æ@ª
ü
å
é
£
ù
ó
|
æ
F602>70«©'z4¬õ øRæLù
|
8T4@76.0À=XYGﬁ<5Gb3ÅAbZ.dg@B8gN53?>783y@B0­D<>7A35dY.894(@7>78T1Z@B89<DF89@B6½AC0f35DÒø35D.Y
JL<vN53?>783?D.J20A3?@7>78 nùK35D.Yª#é35>(08T89Y>(0f35d98T¢f3y@B8T<5D.4$G>(<A
3]­
þ

å

zö®
h|
>B35D.Y<A
N?35>(8351dT0¥`
°¤<A3y,89A89¢20@76.0dT89Æ50LdT8T6<,<pY89D¸z
ik|
KI0F89dTd-Z470@B6.00¡,=0LJL@U3y@B8T<5DnA3y,8TAC8T¢23?@B89<D­z$Q
|
3?dTV<>(89@76.AS`´ÈPDÅ@B6.0n$Q 35dTV<5>789@76.AG>B35AC0L)<>(ÆXK@B60nJL<AC=.dT0@B0Y#3?@B3´35>70^]éì z
£
¨]éÏæ@¯éÚæ@ª#é
|
zë¤ì
h
æfç2çfç2æBí
|
KF602>70f¯é-ì¾z
°2éTåæfçfçfçLæ°2é
ñ
|
8T4FY.0L.D.02YS1kO
°2é
ó
ä²±
h
8gGw£¨]é¤1X02d9<D.V4~@7<CV5>7<Z.=Sú
l
<5@76.02>F8T4(05K
u
http://biostats.bepress.com/umichbiostat/paper46
3?D.YŁª]å¡æfç2çfç2æ@ª#è\35>(0)>(0f35d98T¢23?@B89<D.4G>7<A´³å¡æ2çfçfç2æ³+è,K?F602>70!³+é(õµ°2é
ó
ì
h
35>(0)89D.Y.02=X02DY.02DE@%<14702>
x
N?3?@78T<D4$G>(<AÛ3­
þ


zöc
hv|
>B3?D.Y.<A N?35>78T351.d905`¤ÈÚ@~8T4$0f3?4(OC@B<ﬁ@76.02DY02>78gN0\@B6.0J2<AC=.dT0@B0
x
Y#3?@B3
d9<VdT89Æ50LdT8T6<,<pY][
¶ z
£
·
åæ2çfçfç2æ
£
·
ñ
æ
ô
å¡æfç2çfç2æ
ô
ñ
õ ^'åæ2çfçfçæ^]è
|
ì½dT<V¹¸Iå2z
ô
|
¶dT<5V¸þyzö
|
¶d9<V¸:ºyz
£
·
åæfçfç2ç2æ
£
·
ñ
|
æ
F602>70
dT<V¹¸Iå2z
ô
|
ì
è
ò
é ðå
ñ
ò ó
ðå
°2é
ó
dT<V
ô
ó
æ
dT<5V»¸%þyzö
|
ì
è
ò
é ðå
ñ
ò ó
ðå
°2é
ó
 
­dT<V
ß
zÏö
5j|
µö
5j
d9<V_zö
j|
¿ö
j
zdT<V:ª#étª#é
|
²d9<Vª#é

æ
d9<V¸:ºyz
£
·
åæfç2çfç2æ
£
·
ñ
|
ì
è
ò
é ðå
ñ
ò ó
ðå
°2é
ó
 
ﬁzrp
j5|
dT<V.z
j
ô
|
bz
hj|
d9<Võ
£
ù
ó
õ¼!ª#é
j
z£¨]é½ £ø
ó
|

£
ù
ü
å
z¤£¨-é½ £ø
ó
|
3?D.Y
£
·
ó
ì z
£
ø
ó
æ
£
ù
ó
|
`%H~3?4702Y<D@76.0J2<AC=.d90L@B0IY#3?@U3d9<V
x
dT8TÆ?02d98T6.<p<,Y-Kf@B6.0F$Qq35dTV5<>78g@B6.A;)<>7Æk4
1EOSA389A89¢289D.Vb@B6.00,=X02JL@702YN?35dTZ0ﬁ<5GR@76.0bJL<A=dT0L@70Y.3?@U3d9<V
x
dT8TÆ?02d98T6.<p<,Y-KJ2<5D.Y.89@78T<D.35d<D
<51.470L>(N0LY­Y#3y@U3[ ¾
z½¿®¤¿
ÁÀ

|
äﬁÂ¹
¶
z½¿Ãõ ^'åæfçfç2ç2æ^]è
|
õÃ£¨'å¡æfç2çfç2æ£¨-è,æ¿
ÁÀ

º
æ
F602>70]¿ ì z
ô
å¡æfçfç2ç2æ
ô
ñ
æ
£
·
å¡æfçfçfçLæ
£
·
ñ
|
K#35D.Y ¿
ÁÀ

8T4~@B60N?35d9Z.0<5G¿&3?@@B60fÄ@76S8g@B0L>B3?@78T<D]`
°6.0
x
4(@B0L=<5G@B6.035d9V<>(89@B6AÛ3?@~@B60zÏúw
hv|
Ó¥Å4(@B0L=8TDEN<dgN0L4J2<AC=.Z@78TD.Vﬁ@76.00,=X02J@B02Y
N?35d9Z.0$<5G#@B6.0)J2<AC=.d90L@B0$Y#3?@B3£dT<5V
x
d98TÆ50LdT896.<,<pYJL<D.Y.8g@B8T<5D#35dk<Dﬁ@76.0I<14702>N0LYCY.3?@U3®?@B6.894'8TDEN5<d9N5024
JL<AC=.Z@B89D.VJÂz)ÆRé
ó
õÃ£¨]éÚæ¿
ÁÀ

|
KUÂz½³KÇkõ£¨]éÚæ@¯éæ¤¿
À

|
35D.YÈÂzdT<VY³KÇõ£¨]éÏæ@¯éÚæ¿
ÁÀ

|
`ËH)OﬂH~3fO0L4É
>(Z.dT0?K)0¥6.3vN50¥@76#3?@
ÂzrÆ%é
ó
õ£¨]éÚæ¤¿
ÁÀ

|
ì
ô
ÁÀ

ó
£
î
ó
z¤£¨]é(õ÷ö,æ
£
·
À

ó
|
£
î
z
£
¨-é
|
æ
F602>70
ô
ÁÀ

ó
ì¼í
ü
åhÊ
è
é ðå
ÂzrÆ%é
ó
õ£¨-éÚæ¤¿
À

|
`M4(8TD.V35>(VZ.AC02DE@B4~G>(<A ¹
j5{?º
KI0¥6#3fN0@B6.3?@
Âz³¤éBõ£¨-éÚæ@¯éæ¤¿
À

|
ä
öfê
öfËm,z¤£¨]éÏ®
£
·
ÁÀ

ó
|
3?D.Y
ÂzdT<VY³¤é7õÃ£¨]éÚæ¯éÚæ¤¿
À

|
äxÌbÍ
ö´ê
j Î
²d9<V`Ï
h
j
 
öPmz¤£¨]éÚ®
£
·
À

ó
|'ﬃÐ
æ
F602>70fm,z¨$®
£
·
|
ì z¨z
£
ø
|

£
ù
ü
å
zÊ¨n
£
ø
|
æ_35D.Y`Ì£z)Ñ
|
8T4~@76.0¥/8TVE35ACA3¥GZ.D.J@B89<D]`
°6.0SQ
x
4(@702=¶<5G@76.0n$Q
x
4@B02=¿8TDEN<5d9N0L4A3y,89A89¢28TDV
¾
z¿­®¤¿
ÁÀ

|
F89@76Å>7024(=0LJL@C@B<J¿­`
°60¥0L4(@78TA3?@B<>(4<5G
£
·
ó
3?@F@B6.0z
Ä´
hv|
@B68g@B02>73?@B89<D35>(0¥V589N0LD1kO
£
ø
ÁÀ
å

ó
ì
è
ò
é ðåÒ
ÁÀ
å

é
ó
ª
ÁÀÓ
å

éµÇ
£¨]é

è
ò
é ðåÔÒ
ÁÀ
å

é
ó
ª
ÁÀÓ
å

éµÇ
æ
w
Hosted by The Berkeley Electronic Press
3?D.Y
£
ù
ÀÓ
å

ó
ì
è
ò
é ðå Ò
ÀÓ
å

é
ó
ª
ÁÀ
å

é
ó
z¤£¨]é% £ø
ÀÓ
å

ó
|
z¤£¨]é% £ø
ÀÓ
å

ó
|


è
ò
é ðå Ò
ÀÓ
å

é
ó
ª
ÁÀ
å

éÕÇ
ç
ÈPDﬁ@76.0~$Q 3?dTV<>(89@76.AÔY.0L47J2>(8T1X02Y3?1<vN0?K89@¤I354R354(47Z.AC02Yb@76#3?@Rö¥I354',02Y-`
m
0)024@B8TA3?@70
ö1EOV>789Y470f3?>7JU6]KXZ.4789D.V@B6.0dT89Æ50LdT8T6<,<pY354F@B6.0<1k(02JL@789N50GZ.D.J@B89<D@B<C10A3y,8TAC8T¢20LY]`

D.0
<?G$@76.0Y.0L@702>(A89D#35DE@B4<5G$@B60CJL<DEN0L>7V0LD.J20<5G@B6.0C$Q 3?dTV<>(89@76.A 8T4@B60JU6.<8TJL0<5GI4@U35>@B89D.V
N?35d9Z.024L`
m
6.8Td90<D.0=X<474(8T1.d90<=@B89<D8T4Z.4(8TD.V>735D.Y.<A 8TD.8g@B83?dT8T¢23?@B89<D]K)08TD.4@B0f3?YS=.>(<=X<470¥3
=>7<pJ202YZ.>70G<>Y.0@B0L>7AC8TD.89D.V8TD.8g@B8T35dXN?35d9Z.024~G<5>~@B6.0¥$QÕ35d9V<>(89@B6AS`
kÞÃÖw&)5$(á.$@60&)67á.á.A(*1{5$(á5âr&×.5Ł6>7â5$'&-0!9ﬃ(*$&-&Êâr&Çá.[×yá.>57
c
Z=.=<5470@76#3?@G<>¥0f35JU6À<1.4(02>(N?3?@78T<D¸¨]ézÇëì
h
æfç2çfç2æBí
|
K@B6.0@B>(Z.0JLdTZ.4@B0L>AC02Ab1X02>(476.89=
¶ é½zZØ
 
h
æfçfçfçæUû
?|
894ÆpD<FD-`
m
0Jf35D@B6.0LDSY0L#D.03J2dT35474(89#J23?@B89<DdT<V
x
dT89Æ502d98T6.<p<pY
¶¡ÙhÚ
z
£
·
åæfçfçfçæ
£
·
ñ
®
¶
å¡æfçfçfçLæ
¶
èXõ£¨'åUæfçfçfçLæ£¨]è
|
ä
è
ï
é ðå
£
î*ÛÕÜ
z¤£¨]é
|
æ z
}E|
F602>70
£
îÛ¢Ü
zÊ¨]é7õ
·ﬃÛ¢Ü
|
894~@B6.0Y.0LD.478g@PO¸z
r5|
zÇë+ì
h
æ2çfçfçæBí'®¡úCì
h
æfçfçfçLæUû
|
`^¤<5@B0LDk@7835d-47=X02J28g#Jf3y@B8T<5D.4
G<5>b@B6.0J2<vN?35>(835D.JL0A3y@B>789J20L48TDÅ6.8T0L>B35>(JU6.8TJ235d35V5VdT<AC02>73?@B8gN0J2dTZ4(@B0L>789D.V´Jf35D¶10G<ZD.Y¿89D
°+351.d90
h
`
ÈPD<5Z.>4(89@7Z#3?@B89<D]K#6.<v)0LN502>2K@B6.0¥@B>7Z0ﬁJ2d9Z.4(@702>\A0LAb1X02>74(6.8T=4£35>(0ﬁZ.DÆpD<FD-`
m
0ﬁZ.4(0b35V
x
V5dT<AC02>73?@B8gN0\6.8T0L>B35>(JU6.8TJ235dJLdTZ.4@B0L>78TDVb8TD<5>7Y.0L>I@B<b#DY3bA3y,89A89¢202><5G)z
}E|
`%°68T4~=.>(<,JL02Y.Z>70
894478TAC8TdT35>R89D4(=.8T>(89@@B<<5@B6.0L>)68T02>735>7JU68TJf3?d#J2dTZ4(@B0L>789D.Vb35d9V<>(89@B6A4L®89@)4(@B35>(@74$F8g@B60235JU6<14702>
x
N?3?@78T<D3543b4(8TD.Vd90L@7<DJLdTZ.4@B02>L`
t
dTdX=X<474(8T1.d90£=#3589>74)<5GJ2d9Z.4(@702>74F3?>70JL<D.4789Y.02>(02Y]K.35D.Y@B60=#3589>
@76#3?@)dT0235Y.4)@7<@76.0£V>(0f3?@7024@~8TDJ2>70235470£8TDz
}E|
8T4@B6.0LDA0L>7V0LY]`R°6.894I=.>(<,JL02Y.Z.>(08T4$89@702>73?@B0LY>70
x
=X0f3y@B02Yd9ObZDk@78Td#<D0\JLdTZ.4@B0L>$>(02A358TD42`RH$OY.0LGÇ3?Z.d9@2K@B6.894%J2dTZ4(@B0L>%F8TdTd,6#3fN035dTdín<51.470L>(N?3?@B89<D.4L`
±\<5@B0)@B6#3?@%F8g@B635V5VdT<AC02>73?@B8gN0$6.8T0L>B35>(JU6.8TJ235dJLdTZ.4@B0L>78TDV.K@B6.0JLdTZ.4@B0L>7435>(0A0L>7V0LY3?J2J2<5>7Y.89D.V
@7<¥@76.0£=>7<1#3?1.8Td98T4(@78TJJL>789@702>(8T<D­z
}E|
`R°6.894)894)Y.8g»-0L>70LDk@$G>7<5A <>7Y.89D#35>O6.8T0L>B35>(JU6.8TJ235d_J2dTZ4(@B0L>789D.V
AC0L@76.<pY.42K.F6.0L>70¥@B6.0AC02>7V58TD.V<5G'J2dTZ4(@B0L>74\8T4F1#354(02YS<D3J2<Aﬁ1.8TD#3y@B8T<5D<5G'@76.0Y8T474(8TAC8TdT35>78g@PO
A3?@7>78g35D.Yn3A0@B6.<pY<5G+Y.0L#D8TD.VY.894(@U3?D.J201X0L@P)0202D­J2dTZ4(@B0L>74zÇ0?`V`9K_3fN0L>B35V50¥d98TD.Æy35V50
|
`
ÈPD
c
0LJL@78T<D
{
`
j
K')0dT0GÊ@öÃZ.DÆpD<FD-`³#<>@76.035V5VdT<AC02>73?@B8gN06.8902>B3?>7JU6.89Jf35d)J2dTZ4(@B0L>789D.V
=>7<pJ202YZ.>70´Y.0L47J2>(8T1X02YÒ6.02>(05K\I0F8Td9dÒöì
{
` °6.894>702=>7024(02DE@B4n@B6.0d90f354@n35AC<Z.DE@<5G
89DG<>(A3?@78T<D=<54747891.dT0G<5>0f35JU6nJ2d9Z.4(@702>2`
kÞÝJÞ((7&-0Câ5f->?1,B5$](49Ł6>7â45$@7
m
0D.<v;Y.0L>789N50¥3H~3fO502478T35D
x
1#35470LY­89DG<>7A3?@78T<DJL>78g@B02>(8T<DÀzÇHIÈ
W
|
G<>F4702d902J@B8TDV@76.0¥DpZAb10L>
<?GJ2dTZ4(@B0L>74LK.>70Ld3?@702Y@B<@B6.0AC0L@76.<,Y<5G¤H~3fO0L4FGÇ3?JL@B<5>74354IY.024(J2>78910LY8TD´¹
j5{?º
`
c
Z.==<4(0I0,
hvl
http://biostats.bepress.com/umichbiostat/paper46
@76.0IDkZ.Aﬁ10L>R<5G_J2<5A=X<D.0LDk@74R8TD@B6.0~AC8gp@7Z.>70$A<pY.0Ldp@7<10~ûå¡`
c
Z.=.=.>(024(478TDV@76.0~Y.0L=0LD.Y.0LD.J20
<5DSûå¡K#89G)0d90L@
î
z½¿
|
Y02D.<5@70@B6.0=.>(8T<>Y.0LD.478g@POG<>®¿­K.@B6.0LDn@76.08TDE@B0LV>B3y@B02Yd98TÆ50LdT896.<,<pY894
V589N0LD1kO
î
z £¨
|
ì}ßq0¡,=
 
dT<V
î
z½¿æ £¨
|
p8¿æ z
s|
F602>70
î
z¿­æ£¨
|
ì
î
z¿
|
¸\z½¿Ãõ£¨
|
35D.Yt¸\z½¿Ãõ£¨
|
ì
£
î
z¤£¨
|
`°+35Æk8TDV3­470LJ2<DY²<>7Y.0L>b°+3vOpd9<>É 4
4(02>(8T024F0¡=.35D.4789<Dn<5G'd9<V
î
z¿­æ £¨
|
351X<Z@@76.0=<54(@B0L>789<>A<pY.0
£
¿­K.I06#3fN50¥@76#3?@
d9<V
î
z½¿æ £¨
|
ì¼d9<V
î
z
£
¿æ £¨
|
Wàd9<V
î
z
£
¿­æ £¨
|
à[¿á
h
j
z¿á
£
¿
|
ãâ
z
£
¿
|
z¿q
£
¿
|
ä*åzí
ü
åýÚþ
|
æ
z
uE|
F602>70
â
z½¿
|
894@B6.0D.0LVE3?@B8gN0$e0L474(835DA3?@7>78 <5GdT<V
î
z¿­æ£¨
|
`+HI02J235Z.470»à£d9<V
î
z
£
¿­æ£¨
|
à[¿ ì
l
@76.04702JL<D.Yn@B02>(AÐ8TDÀz
uE|
N?35D.8T4(6.024L`$^d9Z.VV89D.Vb@B68T48TDE@7<@76.08TDE@B0LV>B3?dz
s|
Op8902dTY4
î
z¤£¨
|
ì
î
z
£
¿­æ£¨
|
z
j
ô
|
v
ýÚþ
õ
â
z
£
æ
|
õ
ü
åýÚþ
ç z
wE|
°+35Æk8TDVCd9<VE35>(89@76.A4)<5G+1<5@76478TY024FV89N5024
dT<5V
î
z
£
¨
|:ç
dT<5V»¸\z
£
¿
|
¶d9<V]ê¤z
£
¿
|

h
j
d9<Võ
â
z½¿
|
õ
p
j
dT<5V_z
j
ô
|
ç
ÈÚG¤)0J235D­3?4747ZA0@B6.3?@\35dTdA<pY.0LdT4F35>(002ÁkZ#35ddT89Æ50Ld9OKp@B6.0LDn)0¥Jf35DF>78g@B0
dT<5V
î
z¤£¨
|ç
dT<V¹¸\z
£
¿
|
¶d9<Vê¤z
£
¿
|

h
j
dT<5Võ
E
z
£
¿S®£¨
|
õ
p
j
dT<5V_z
j
ô
|
æ z
hvl|
F602>70
E
z
£
æb®
£
¨
|
894¥@76.0<51.470L>(N0LY²8TDG<5>7A3?@B89<DA3y@B>78 G<>@B6.0=<54(@B0L>789<>Y.02D.4(89@PO5`SÈPVD<>789D.V

z
h|
@702>(A489D²z
hvlE|
3?D.Y<1.4(02>(Np89D.V@B6.3?@õ
E
z
£
¿®
£
¨
|
õ,ì´|z
p)d9<VRí
|
Op8T02d9Y.43AC<pY.02d470LdT0LJL@B89<D
JL>78g@B02>(8T<Dt
j
dT<V¸\z
£
¿
|
èp$dT<V%í²G<>JL<A=.35>789D.VAC8gp@BZ.>(0A<pY.0LdT4<5G)Y.8g»-0L>78TDVDpZAb10L>74<5G
JL<AC=<D02DE@B4L`
m
0J235Dn35dT4(<Z.470@B68T4~ÁkZ#35DE@789@POG<5>~Y.0L@702>(A89D.8TD.V@B6.0¥35=.=>7<=.>(83?@70£Y.0LV>70L024F<5G
G>(020LY.<A öK#1Z@F@B6#3?@F89dTdD.<5@\10=.Z>747Z02Y­602>70?`
W
<DY.89@78T<D#3?dE<Dﬁ@B60I024@B89A3?@702Y¥N53?dTZ.0$<5G_û³K5)0~J235D354(478TV5Dﬁ<1.4(02>N53y@B8T<5D.4'89Dk@7<£0235JU6b<5G.@76.0
û 47Z.1V>7<Z=.41.35470LY<D@B6.0¥=<54(@B0L>789<>=.>7<51#351.89dT89@78T0L42`%°6kZ.42K_@B60AC8gp@BZ>70A<pY.0Ld35=.=.>(<E35JU6
3fN5<8TY.4¤@B6.0)V>70L02YOﬁ354(478TV5D.A0LDE@'<5G_4735AC=.dT0L4+89Dk@7<£JLdTZ.4@B02>(4R354+8TD6.8T0L>B35>(JU6.8TJ235d,JLdTZ.4@B0L>78TDV£AC0L@B6
x
<pY.4L`
°6.04(Z.89@B351.89dT89@PO³<5GHIÈ
W
~354.>74(@35Y.Y.>(02474(02YÒ8TDÎ¹
{l?º
KF6.02>(0@B6.0OµG<ZD.Y89@@B<³1X03
4(Z.J2JL024(4(GZ.d¤A0@B6.<pY8TDY.0@B02>(A89D.8TDVb@B6.0DkZ.Ab1X02>F<5G+J2d9Z.4(@702>74F89D@702>(A4<5G+J2d9Z.4(@702>N?35dT89Y.89@PO5`
é
ê
¤ÜP
ÝXÞÊßë&1;>?gá5â5/ì/Eá5âÏá
hh
Hosted by The Berkeley Electronic Press
m0F>70L=<>@@B6.0\>70L47Z.dg@B4G>7<A¾@P)<ﬁ4(0L@74I<5G-478TAﬁZ.d3?@78T<Dﬁ4(@BZY.8T0L42`%ÈPD@76.0#>74@I4(8TAbZd3?@78T<D4@BZ.YO5K
@76.0nV<E35dI354@7<ÃJ2<5A=#3?>70@B6.0nJ2dT35474(89#J23?@B89<Dµ3?J2J2Z>B35JO¶G<5>Y.0@B0LJL@B89D.VÃ4(Z.1@POp=X0241X0L@P)0202D
@76.0¥A0@B6.<pYS=>7<=X<470LY­6.0L>70¥F89@B6@B6.3?@£V589N0LD­89D³¹
hv}?º
`HI0LJf35Z.4(0)0b35>(0Y.0f35d98TD.VF89@76S4(8TAbZ
x
dT3?@B0LYSY.3?@U3K.)0ﬁÆkD.<v;@76.0dT351X02dT4F3?D.Y­6.0LD.J20Jf35DSY.0L@702>(A89D.0¥F68TJU6­4(Z.1@POp=X02435>(0JL<>7>(02J@Bd9O
JLd354(478g#02Y]`
m
0­V502D.0L>B3?@702Yﬂ>735D.Y.<AÑN502JL@7<>74G>7<A z
h|
F8g@B6µû ì
j
47Z.1@POp=X024<?GY.8TAC02D
x
4(8T<Dêﬂì
hvl5ll
35D.YÅíÌì
hvll
4735A=dT024L`³#<>ﬁ@76.0#>(4(@47Z1@POp=0?K)@B60#>74@
r5l
V02D.0L4I0L>70
<vN502>70¡,=.>70L47470LYÃ1EO­3dT<V#z
}E|Úx
G<d9YnJU6.35D.V0>(02d3y@B89N50¥@7<@B60b470LJ2<D.Y-`
m
0bJU6<470ùÛìíﬀ
E
	
F8g@B6
ﬀ­ì
l
ç
hr
`
m
035d947<N?35>(8T02YS@B6.0bDkZ.Aﬁ10L><5GJ2<5A=X<D.0LDk@74Z.4(02Y8TDS@B6.0
ckÍ
/Û35D#35dgOp478T4£35D.Y p
89DS@76.0b>B3?D.Y.<A =.>(<y(02J@B8T<5D.42`#<>\0f3?JU6478TAﬁZ.d3?@78T<Dn470@7@78TD.V.K_)0=0L>(G<>(A0LY
j5ll
478TAﬁZ.d3?@78T<D
4735AC=.dT0L42`R°6.0>(024(Z.d9@7435>7047Z.ACA35>789¢202Y8TD°+351.d90
j
`H~3?4702Y<5D@B6.894)@U3?1.dT0?Kp)0#D.Y@76#3?@I@76.0
JLd354(478g#Jf3?@78T<D¸35JLJ2Z.>735JLO¸G<>@B6.0>B35DY.<A=.>(<y(02J@B8T<5DÃAC0L@B6<,Y¸@B02DY.4ﬁ@B<S10
hvlyxBhrî
68TV6.0L>
@76#35D­G<5>\@76.0ﬁ@P)<
x
4@U35V0
cpÍ
/ AC0L@76.<pY­<5G¹
hv}?º
`
t
dT4(<.KX@76.0bJLd354(4789.Jf3?@78T<D­35J2JLZ.>B35JL8T0L4£Y.<D<5@
3?=.=0235>~@B<Y.0L=0LD.Y­<5DpCG<>~@B6.89447JL02D#35>(8T<.`
°6.0£<5@B6.0L>~4789AbZ.dT3?@B89<D8TDEN<dgN0LYY.0L@702>7AC8TD8TD.Vﬁû³K,@B60DkZ.Ab1X02>I<?G47Z.1@POp=X024F8TDC@B6.0£Y#3?@U3,`
m
0V0LD.02>73?@B0LYÅ@76.0Y#3?@B3´35410G<>703?D.Y²J2<AC=#35>(02YÅ470LdT0LJL@B89<D²1#354(02Y¶<D²@B6.03?=.=.>7<f,8TA3?@70
HI3vO5024£GÇ3?JL@B<5>74\Y.0LN502dT<5=0LY8TD
c
02J@B8T<5D
{
`
i
@7<@B60ﬁ=.>(<=<54B35d94\<?G\¹
wyº
KT¹
hfu?º
35D.YÅ¹
j,h2º
1#354(02Y<5D3
Y02D.Y.>(<V>735AÛZ.4789D.V3fN0L>B35V0d98TD.Æy35V50\68T02>735>7JU68TJf3?dJLdTZ.4@B02>(8TD.V`
m
0£dT<p<Æ50LY3?@I@76.00L4(@B89A3y@B<>(4
<?GIû Z.D.Y.0L>@B6.0L470A0@B6.<pY.4F89@76@B6#3?@4(02d902JL@702Y¸1EO@B6.0CH~3fO5024GÇ35JL@7<>2`
m
0@B<p<ÆS@76.0@B>(Z.0
N?35d9Z.0~<5Gûq@B<1X0
h
K
j
K
{
35DY
i
89Db@B6.0F4789AbZ.dT3?@B89<D.42`°6.0F>(0247Zd9@B43?>70V8gN02D89D°'351dT0
{
`
m
6.8Td90
@76.0H~3fO5024GÇ35JL@7<>I=>7<pJ202YZ.>70<Z,@B=X02>(G<5>7AC4I@B6.0£<5@B6.0L>~AC0L@B6<,Y.4)G<>û&ì
j
æ
{
æ
i
K,8g@B4)V>7023?@B0L4(@
Z470LGZdTD.0L474C35=.=X0f35>(4b@B<1X08TD²Y.8947JL02>7D8TD.V4(89@BZ.3?@B89<D.4ﬁ89D³F6.8TJU6²@76.02>(0S3?>70D.<´JLdTZ.4@B02>(4nzÇ8`0?`
û ì
h|
`~°60AC0L@76.<,Y489DÃ¹
w?º
35D.Y³¹
jph2º
Jf35DD.<5@Y.0L@702JL@\@B68T4F478g@BZ#3?@78T<D-K.F6.8Td90@B6.035=.=.>(<E35JU6
<?G¹
hvu?º
6.354\3d9<vÌ=X02>(J202DE@B35V0¥<5G'JLd354(478gGÊO,89D.Vb@B68T4F478g@BZ#3?@78T<DJL<>7>(02J@Bd9O5`
ÝXÞTÝ,ï5gá.-K(*1Cáì/Eá5âÏá
ÈPDÅ@B68T4470LJL@B89<D]K$I0nJ2<D478TY02>Y#3?@B3´G>(<A @B60SJ2/±
t
A89J2>(<E35>7>73fOÃ0¡=X02>(8TAC02DE@B4CY.0L47J2>(8T1X02Y
89D¹
syº
`#<>@76.03?D#35d9Op4(8T4ﬁ=>7024(02DE@B0LYÅ6.02>(05KR)0J2<D478TY02>ﬁ@76.0
{h
A0Ld35D.<5A34B35AC=.d90242`S°6.0
AC8TJL>7<E3?>7>B3fO²Z4702Y½89D¿@B68T44@BZ.Y,OµJL<DE@U3589D.02Y
u
K
hr5l
6kZ.A3?DﬂJf/±
t
42KF<5GF68TJU6
}
K
whj
I0L>70
4(02ÁkZ.0LD.J20N0L>78g#02Y]`

G@B602470J2/±
t
42K
{
K
}hv{
I0L>7089D.J2d9Z.Y.02Y89D­@B6035D#35dgOp478T4L`°6.0L>70bI3543
=>702=>7<pJ2024(4789D.V<5G@B6.0Y#3y@U3KF68TJU68T4~Y0247JL>78910LYS89D¸¹
hv}yº
`%±\<D.<>7A35d98T¢f3y@B8T<5DCI354=X02>(G<5>7AC02Y
3?J2>7<5474F0,=X02>789A0LDE@B42K#4(8TD.JL03478TDVdT0>(0LG02>(02D.JL0=.>7<1X0~3?4\Z4702YG<>F35d9d-0¡=X02>(8TAC02DE@B4L`ÈPD³¹
syº
K
3?D´3vN502>735V0
x
dT89D.Æy35V0b6.8902>735>7JU6.89Jf35d+J2d9Z.4(@702>789D.V=.>(<,JL02Y.Z.>(0bG<>JLdTZ.4@B02>(8TD.V4735AC=.dT0L42`
t
>702=dT8TJ23
<?G+@76.0289>Y.02D.Y>7<V>735AÐJ235DS1X0G<Z.DYS89DS+8TVZ.>(0
{
`$H~354(02Yn<Dn3CY02D.Y.>(<V>735AÐJ2Z,@B<5»N?35d9Z.0<5G
l
`
r?i
K_@76.0LOnG<Z.DY3JLdTZ.4@B02><5G
hvw
A0Ld35D<A3?42`°6.0O354(470L47470LY@B6.0b>(02=.>(<,YZ.J2891.8Td989@PO<?GR@B6.894
JLdTZ.4@B0L>\Z478TDV4(<A04(8TAbZd3?@78T<D
x
1#354(02Y@B0L4(@742`
t
4>(02=X<>(@702Yn8TDÀ¹
hv}?º
K.@B6.0AC0L@B6<,Y.4F<5G¹
wyº
35D.Y
¹
hvu?º
O,8902d9Y3N?35dTZ.0<?G
j
J2dTZ4(@B0L>74LK,89A=.dgOp8TD.V£@76#3?@@B60\Y02D.Y.>(<V>735A 8TDC'89VZ.>70
h
476<Z.dTYC1X0\JLZ@
hj
http://biostats.bepress.com/umichbiostat/paper46
3y@3N53?dTZ.0¥10@PI0L02D
h
`
lEr
35D.Y
h
`
hr
`°60bA0@B6.<pY­<?G\¹
jph2º
O,8902d9Y.4£3N?35dTZ.0¥<5G%0L8TV6E@J2d9Z.4(@702>74LK
89A=d9Op8TD.V¥@B6.04735A0JLZ@B<5»­N53?dTZ.0354@76#3?@\8TD¸¹
syº
`
m
0¸.>74(@SY.0LA<D4(@B>73?@B0@76.0ÀAC0L@76.<pY¼<5G¹
hf}?º
`
t
478TDVZ.d3?>N53?dTZ.0´Y.0LJ2<AC=<54789@78T<DI354
=X02>G<>7AC02Y-`'°6.894Op8902dTY02Y@B6.0F=.>(8TD.JL8T=#3?dJ2<5A=X<D.0LDk@742KEF6.<4(0\N?35>(835DJ20243?>70FV89N502D8TDC'89VZ.>(0
h
`
m
0n@B6.0LDﬂ=.dT<?@7@B0LY¶@76.0­89D.Y.8gN,89Y.Z#35d=>78TDJ28T=.35dJ2<AC=X<D.02DE@74@B<¸470L089G3ÀAC8gp@BZ>70nA<pY.02d
4(020LA0LY¼>(0f354(<D#351.d905`
t
=.dT<5@G<5>@B6.0#>(4(@S=.>789D.J289=#35dJL<A=X<D.0LDE@S894V89N502DÒ8TDÒ'89VZ.>70
j
`
t
A8 p@BZ.>(0AC<,Y.0Ld47020LA4b@7<1X035Y.0LÁkZ#3?@B0G<5>@B602470Y#3?@U3,`H)OÀV>B35=6.8TJ235d8TD.4(=0LJL@B89<D]K')0
JL<D.4(8TY.0L>702Y´@B60C#>(4(@35D.Y¸@B6.89>7Y´=.>(8TD.JL8T=#35d'J2<AC=<5D.02DE@B4L`
m
0.@¥A8 ,@7Z.>70AC<pY.02d94@B<@B6.0L470
@P)<­JL<AC=<D02DE@B41#35470LY³<DÀA8 ,@7Z.>70AC<,Y02dT4G>(<A @B6.0AbZ.dg@B89N?35>(83?@70ﬁ@Y.8T4@B>7891.Z@78T<D]`°6.0
>(024(Z.d9@7435>704(Z.ACA35>(8T¢L02Y³89D²°'351dT0
{
`À±<5D.0<5G@B60#D#35d~AC<pY.02d94N?35dT89Y#3?@70@B60J2dTZ4(@B0L>b<5G
AC02dT35D.<A354%G<Z.DY8TD¹
syº
`%°6.0JLdT<4(024@=<54747891.dT0FN?35dT89Y#3?@78T<D<pJ2J2Z>74IF6.0LD­ù
ó
ì}ﬀ
óﬂ

ó¤ﬂ

`
°68T4¥35D#35dgOp478T4Op8T0LdTY.4¥3J2d9Z.4(@702>¥<5G
hs
AC02d3?D.<A354£@B6.3?@ﬁ89D.J2d9Z.Y.04B3?A=.d902447ZJU6³354
mÎhs5whx
W
KM
t WW
x!}5iEs
KI3?D.Y¶M
t WW
xUhflhj
K$F6.8TJU6ÅI0L>70D.<5@C89D.J2d9Z.Y.02YÅ89DÅ@76.0<>789V8TD.35dIH)89@7@7D.02>0@
3?dÏ`FJ2d9Z.4(@702>2`°6.0
hsvx
AC02d3?D.<A3bJ2dTZ4(@B0L>35D.YS@B6.0L8T>\8TD.JLdTZ.4(8T<Dn8TD­@76.0bH)89@7@7D.02>
hvwyx
A0Ld35D<A3
JLdTZ.4@B0L>F35>70dT894(@702Y8TD°+351.dT0
r
`
°6.0Jf35D.JL02>b4735AC=.dT0L4b35>(0D.<v
J2d9Z.4(@702>70LYÅZ.4789D.VS@76.0>B3?D.Y.<A =.>7<(02JL@78T<DÃA0@B6.<pY.<d9<V5O
Y0247JL>78910LY¸89D@B6.0=.35=0L>2`
m
0b#>(4(@=.>(<y(02J@@B6.0Y#3y@U38TDE@7<#pì
j
Y8TAC02D.4(8T<D.435D.Y@B6.0LD.@
3bAC8gp@7Z.>70AC<,Y02d-1.35470LYS<D@76.01.89N?35>(83?@70@FY.894(@B>(8T1.Z,@B8T<5D]`R°6.0>70L47Z.dg@B89D.V35D#35dgOp47024\35>(035dT4(<
=>7024(02DE@B0LYÀ89D°+351.dT0
{
`H~354(02Y<D@76.024(0>70L47Z.dg@B42KI0b#DY@B6#3?@£@B6.0HI3vO5024GÇ35J@B<>£35=.=.>(<E35JU6
@702D.Y4@7<S4(02d902JL@¥0L89@B602>
r
J2dTZ4(@B0L>74¥<>
hvl
J2d9Z.4(@702>(42`C°6.0JLdTZ.4@B0L>7435>70=.>(<vN,89Y.02YÀ8TD´°+351.dT0
}
`
e\<vI0N02>LKX@76.0¥35D#35dgOp47024Fd90f35Y@B<V>(<Z.=.89D.V4~@76#3?@\35>(0¥Y89»02>70LDE@\G>(<A @76#3?@F4(Z.VV0L4(@B0LY­89DÃ¹
syº
`

D.0=<5@702DE@B8T35dA0@B6.<pYÀG<5>¥N?35d98TY#3?@78TD.V@76.0JLdTZ.4@B02>(8TD.VS>70L47Z.dg@B4G<5Z.D.Y³894¥@7<470L089GI@B6.0O
3?>70b=.>(02Y.89JL@789N0<?G)JLdT89D.8TJ235d<Z@BJL<AC05`
m
0b0¡35A89D.0ﬁ@76#3?@6.0L>701EO4@BZ.YOp89D´@76.0>70Ld3?@78T<D476.89=
1X0L@P)020LD@B6.0J2dTZ4(@B0L>789D.Vb=#3?@(@B0L>7D.4IF8g@B647Z.>N,8gN?35dÏ`
t
Jf3fN023?@F<5G]@76.035D.35d9Op47894)894)@76#3?@~4(Z.>(Np8gN53?d
Y.3?@U3´35>(0<D.d9O³=.Z.1.d98TJ2dgO³3fN?3589d351.d90<D
hr
<Z@<?G@76.0
{h
4735AC=.dT0L42®I@76.024(0­35>(0=.>7<vNp8TY.0LY¿89D
@76.047Z.==.dT0LA0LDk@B35>(O8TDG<>(A3y@B8T<5DSG<>C¹
syº
`#<>@76.0.N0V>(<Z.=.4G<ZD.YÀZ478TDV@76.0=.>7<5=<4(02Y
AC0L@76.<pY]K-<Dd9O@PI<JLdTZ.4@B0L>746#35Y­47Z8ðCJ28902DE@BdgOdT35>7V0¥DkZ.Ab1X02><5G<51.470L>(N?3?@B89<D.4£F8g@B64(Z.>(Np8gN53?d
89DG<>(A3?@78T<D-`%°6.0ﬁ=.d9<5@\<5GR4(Z.>(Np8gN53?d¤89Dn@76.0@PI<V>7<Z=.4894FV89N502D­89D­+8TVZ.>(0
i
`#<>~@B60ﬁ4B3?Æ50
<?GDkZ.A0L>789Jf35dFJ2<5A=#3?>78T4(<D]K$I0­@3ÀD<>7A35dFA8 p@BZ.>(0SAC<,Y02d@B<¸@B6.0SY#3?@U3À3?GÊ@B0L>>735D.Y.<A
=>7<y(0LJL@B89<D.4F35DYS3?474789VD.0LY@76.08TDY.89Np8TYZ#35d@7<b@PI<CV>(<Z.=.4L`
t
4A0LDE@B8T<5D.02Y1EO3b>70G02>(0205K.@76.0
D<>7A35dAC8gp@BZ.>(0AC<pY.02d8TDS=.>789D.J289=.dT04(6.<Z.d9Y­I<5>7Æn354)02d9d'3?4@B60ﬁ=.>(<=<54702Y­A0@B6.<pY]`F°6.0
0L4(@78TA3?@B0LY4(Z.>(Np89N?35dXJ2Z>(N0L4IG<>@B6.0F@P)<bV>7<5Z.=.4~3?>70\V89N502D89D'89VZ.>(0
r
`
W
<A=.35>789D.V¥@76.0F@PI<
=dT<5@742K])0.D.YÀd9024(4¥4(02=#3?>B3?@78T<D´1X0L@P)0202DÀ@B6.0V>(<Z.=.489DÀ+8TVZ.>(0
r
>702dT3?@B8gN0ﬁ@7<­+8TVZ.>(0
i
`ÈÚG
)0Jf35d9J2Z.dT3?@B03d9<V
x
>735D.Æ@B0L4(@¥G<>470L=#35>B3y@B8T<5D]K]I0CV0@¥3N?35d9Z.0<5G
{
`
u
G<>+8TVZ.>(035D.Y
h
`
ii
G<5>'8TV5Z.>70
r
`%ÈÚ@F476.<ZdTY10D.<?@B02Y@76#3?@Fd3?>7V0L>IN?35dTZ.0L4<5G¤@B6.0d9<V
x
>735D.ÆC4(@B3?@B894(@B89JJ2<5>7>70L47=X<D.Y
@7<V>7023?@B0L>4702=.35>B3?@78T<D-`
hv{
Hosted by The Berkeley Electronic Press
ñYò
!	")
°60ﬁV0LD.02>73?@B89<DS<?G%d35>(V0Y#3?@B35470@B4G>(<AqV0LD.00¡,=.>70L474789<D0,=X02>(8TAC02DE@B4\8TDSJf35D.JL02>=.>7<5.dT8TDV
4@BZ.Y8T024£D.02JL02474(89@B3?@B0L4@B6.0bD0202YG<>\GÇ354(@£47J235d351dT0b3?dTV<>(89@76.A4~G<5>£Y.0@B02>(A89D.8TDVY.89470f3?47047Z1
x
@POp=X024L`
t
@F@B6.0¥4B35AC0@B89A0?K.1EOS6.3vNp89D.VAC0L@76.<pY.4@B6#3?@35>(0=.>7<1.351.8Td98T4@B8TJ?K,)0J235D­AC<pY.02d-@76.0
89D.6.0L>702DE@ZD.J20L>(@U3?8TDE@PO35DY´N?35>(83?@78T<Dn8TD@76.0bV0LD.00,=.>(024(478T<5DÀY#3y@U3¹
jyº
`¥°60GÇ3?JL@@76#3?@£@76.0
Y8TAC02D.4(8T<D<?G¤@76.0V02D00,=.>70L474(8T<Dn=.>7<?#dT0894d35>(V02>$@B6#3?D@76.0@B60¥DkZ.Aﬁ10L><5G¤4B35AC=.dT0L4=.>7<
x
.dT02Y8943D<N502d_354(=0LJL@@B<@76.0F=.>7<1dT02An`
t
DC35=.=.>(<E35JU6G<>%J2d9Z.4(@702>789D.V<5GX@B6.0FJ235D.J20L>4B35AC=.dT0L4
Z478TDV3J2<Aﬁ1.8TD#3y@B8T<5Dn<?GR>B3?D.Y.<Aq=.>(<y(02J@B89<D.435D.Y­AC8gp@7Z.>70AC<,Y.0LdT4F6#354\1X0202DS=.>7<5=<4(02Y89D
@76.8T4F=#3?=0L>2`
m
06.3vN50ﬁJU6.<54702D@7<AC<pY.02d]@76.0ﬁV0LD.0¥0,=.>70L474(8T<D=.3?@7@702>7D4Z.4(8TD.V3CAC8gp@7Z.>70<5G
AﬁZ.d9@789N?35>78T3?@B0@Y.894(@7>78T1Z@B89<D.4£89D.4(@70f35Y´<5G@76.0A<>(0b=X<=.Z.dT35>£AbZd9@B8gN?35>78T3?@B0¥D.<>(A35d+A8 p@BZ.>(0
AC<pY.02d]1X02J235Z.4(0¥89D<Z.>F0,=X02>78902D.JL05K#)0¥6.3vN50¥G<5Z.D.YnA35DEO<Z@BdgOp8TD.V<1.4(02>N53y@B8T<5D.42`
°6.0=>78TA35>O3?YN?35DE@U35V0£<5G@B6.0=>7<=X<470LYA0@B6.<pYZ.4(8TD.V>735D.Y.<A
=.>(<y(02J@B8T<5D8T4I@76#3?@8g@
F89dTd.ÁkZ.8g@B0\47J235d351dT0G<>d35>(V02>Y#3y@U354(0L@B4L`%°6.0\478TDVZ.d3?>N?35d9Z.0FY.02JL<AC=<4(89@78T<DF8Td9d.8TDCV0LD.02>735d
>(02ÁkZ.89>70 |z ê
º
|
<=X02>B3y@B8T<5D.42KkF6.8TJU6F89dTdX10£J2<AC=.Z@B3?@B89<D#35d9d9Ob89DE@B02D4789N50F6.02Dbê]K,@B60DpZAb10L>
<?G)V502D.0L42K8T4dT35>7V505`H)OJL<DE@B>B3?4(@fK@76.0DkZ.Ab1X02><5G)<=X02>B3y@B8T<5D.4£G<>£@76.0=.>(<=<54702Y´AC0L@76.<,Y894
4(8TAC=.d9Od98TD.0235>$8TD@76.0DkZ.Ab1X02>~<?GV02D.0L42`°6.0£@76.02<5>70L@78TJ235d->(0247Zd9@B4I8TD
c
02JL@78T<D
j
`
j
KpF6.8TJU6J235D
1X0=.>(<vN02D¶1EOÃ@702JU6.D.89ÁkZ.0248TDÒ¹
hvl?º
K%8TAC=.dgO¸@76#3?@b@7@B89D.VAC8gp@BZ>70AC<,Y02dT4¥@B<@76.0=.>7<(02JL@702Y
Y.3?@U38T4F34(02D.4(8T1.d90@76.8TDV@7<Y.<.`
m
6.89dT0£)0¥Y.0LN502dT<5=0LYS0L4(@B89A3y@B8T<5DA0@B6.<pY.4G<>~@76.0=#35>735A0@B0L>74F8TD@B60A8 ,@7Z.>70AC<pY.02d94
1.35470LY<Dµ@B60$Q 35dTV<5>789@76.AnK$@76.0AC<,Y.0LdF4702d902J@B8T<5DﬂJ2>(89@B0L>78T3¸@B6.3?@)02>(0Y.0LN502d9<=0LYI0L>70
HI3vO5024(835D8TDD#3y@BZ.>(05`
t
Dn35dg@B02>(D#3?@789N035=.=.>(<E35JU6@B<A<pY.0LdTdT89D.V@B6.0V0LD.00,=.>70L474(8T<DnY#3?@B389D
3µÂ(d3?>7V0C=]KR4(A35d9dD.Ä­4(0L@7@78TD.V­8T4@7<­Z.4(0GZ.d9d9O¸H~3fO0L478T35D³AC0L@B6<,Y.4¥G<>ﬁ1X<5@76Ã8TD,G02>70LD.J2035D.Y
AC<pY.02d4(02dT0LJL@78T<D]`
c
<AC0I<>(Æ<DS@76.8T4F6#354\1X0202DSY.<D.0¥G<>@B6.0¥J2dT35474(89#J23?@B89<D<5GRAC8TJL>7<E3?>7>B3fO
Y.3?@U3C¹
j5u?º
`'°6.0\Y.8T4735YN?35DE@U3?V024<5GX@B6.89435=.=.>(<E35JU635>70@76.8T4R@76.0LO@702D.Y@B<1X0\JL<AC=.Z@U3y@B8T<5D#35dTdgO
89DE@B02D4789N505`e<vI0N0L>2K%89@)<Z.d9YÃ1X08TAC=<>@U35DE@@7<SJL<DE@B>B3?4(@¥@B6.0C>70L47Z.dg@B4¥<5GI@76.8T44(@7Z.YOF8g@B6
@76.<4(0IG>7<A3H~3fO0L478T35DC35=.=.>(<E35JU6]`

D.0I=.>7<1dT02AË8T4+@B6.0~G<>(AbZ.dT3?@B89<D¥@76.0~=.>(<1#3518TdT8g@PO¥A<pY.02d
JL<>7>(024(=<DY.8TD.V@7<@B6.0=.>(<y(02J@B89<D]`
m
68TdT047Z.JU6¶I<5>7ÆÃ6.35410L02D¶Y.<D.0G<5>b4789D.VZ.dT35>N?35d9Z.0
Y02J2<5A=X<478g@B89<D35D#3?d9Op47894¥¹
jrº
K.)0ÆpD<Ô<5G'D<C4(Z.JU6­)<>7ÆG<>>B35DY.<AÐ=.>(<y(02J@B89<D.42`
hfi
http://biostats.bepress.com/umichbiostat/paper46
½	ó\"ôµÜ)ﬃ
¤I.
°68T4I<5>7Æ²6#3541X020LDµ47Z=.=<5>(@B0LYµ1EO¶3ÀQ­M£±± ÈPY0f3³:>B3?Dk@35DYµ^%>7<54(@U3y@B0
c
^

o
c
0L02Y
:>B3?Dk@\G>7<5AÐ@B6.0ﬁMD.8gN02>(478g@POS<?G$QS8TJU68TVE35D-K3?4)02dTd¤354£3HI89<8TD,G<>7A3?@B89J24^%89dT<5@
t
I35>(Y­G>7<A
@76.0¥MD.8gN0L>7478g@PO<5GRQS8TJU68TVE35Dn35DYS^R#¢L02>L`
hr
Hosted by The Berkeley Electronic Press
õ§0öÏ§  §0÷  § 
¹
hLº
t
`
t
`
t
d98T¢f3?Y.026]K,QÀ`pH£`p%8T4(02D]Ko¥`k`,/3fN,8942K
W
`,Q­3KpÈU`
c
`pã<54747<542K
t
`po\<4(02DEI35dTY]K8ø`
W
`
HI<d9Y.>789JUÆXKpe¥`
c
351X0L@fKp°`E°¤>B35D]Kùb`.ú$Z-K8ø`kÈU`k^¤<)02d9dÏKpã%`ú)35D.V.K,:`E`QS35>(@78ÏKE°`,QS<p<>70?K
ø`eZ.Y47<D]K¤ã%`ãZ]K¤/b`]H`ã0F8T4LKo¥`]°891.4768T>B3?D.8ÏK:`
c
602>7d9<,JUÆ_K
m
`
W
`
W
6#3?D]K°`
W
`
:>(0289D.02>LK_/b`_/b`
m
0L8T4(02Dk1.Z.>(V02>LK[ø`

`
t
>(A8g@U35V505K.o`
m
35>7D.Æ?05Kã%`XQÀ`
c
@U3?Z.Y@fKX±3?@BZ.>(0
iEl{
z
j?lllE|
K
r5l{,r,hh
`
¹
jº
^¤`-H`HI35dTY.8¤35DY
c
`HI>7ZD#35Æ_K-H)8T<89DG<>7A3?@78TJ24L[
t
Q­3?JU6.8TD.0ﬁã0f35>(D.8TD.V
t
==.>7<E3?JU6ÅzÏQSÈP°
^%>7024(42K
W
35Ab1.>(8TY.V505K_Q
t
K
j5llEj5|
`
¹
{yº
ø`_/b`#H~35D.02dTYn35DY
t
`#`_o3?GÊ@702>OK_HI89<A0@B>(8TJ24
iEw
z
hvww5{E|
K
u5l{,uEjph
`
¹
i?º
ú`_H~35>735476n35DY­±¥`__>(8T0LY.A3?D]Kø5<Z>7D]`
W
<AC=.Z@2`$HI8T<d`
w
z
j?llEj|
K
hv}w­hvwh
`
¹
rº
t
`,HI0LD
x
/<>LKo`
c
6#35AC8T>2Kp35DY#û'`0ú)35Æk6.89D.8ÏK?ø5<Z>7D]`
W
<AC=.Z@2`HI8T<5dÏ`
}
z
hvww5wE|
K
j5uh'j5wEs
`
¹
}yº
t
`-HI0LD
x
e\Z.>2K
t
`%dT8T4(470L0L»+K]35D.Y­ÈU`]:ZO<5D]K
t
4(@U3?1.8Td989@PO
x
1#3?4702YSA0@B6.<pYSG<5>£Y.8947J2<vN502>789D.V
4(@7>7Z.J@BZ.>(08TDÃJLdTZ.4@B0L>702Y²Y.3?@U3K+8TD²o`¤H£`
t
d9@7A35D¸0L@b35dÏ`gK'0LY]`gK%^%>7<pJ2020LY.8TDV4b<5G\^+35J28g#J
c
OpA=X<4(8TZ.A <DHI8T<pJ2<5A=.Z,@B8TDV
j5llEj
z
m
<>7d9Y
c
J28902DE@B8g#J^%>7024(42K_±\0Lqø50L>74(0LOK
j?llEj|
K
}
hvs
`
¹
sº
QÀ`#H)89@7@7D.02>LK.^¤`#QS0Ld9@B¢L02>LK?ú`
W
6.02D]K8úb`ø58T35D.V.K,`
c
0LGÊ@7<>2K.QÀ`#e\02D.Y.>(8gK#Q¸`#o3?Y.A3?JU6.02>LK
o¥`
c
8TAC<D]K.û'`ú)35Æk6.8TD.8K
t
`5HI0LD
x
/<5>2KE±¥`
c
3?A=#3?42KE`?/<Z.V6.0L>(@PO5KkF`
m
35D.V.KE)`Q­3?>78TD
x
J2<dT3K
W
`#:<,<pY.02D-Khø`,ãZ.02Y.0L>74LK
t
`:dT3?@7G0Ld9@702>2Kp^¤`^¤<dTd9<,JUÆ_K8ø`
W
35>(=@B0LD]K#`:89dTd3?D.Y.02>(42K
/b`#ã0!73Kü`#/890L@7>78TJU6-K
W
`_HI0235Z.Y.>OKXQÀ`_HI0L>70LD.42KX/b`
t
dT1X02>(@74F35D.Y
Í
`
c
<D.Y#35Æ_K_±3?@BZ.>(0
iEl}
z
j?lllE|
K
r5{},r?iEl
`
¹
uyº
ø`_HIZ.6.d902>2K.HI8T<89DG<>(A3?@78TJL4
hs
z
j5llh|
K
i.hvwpikj5u
`
¹
wyº
o¥`#H`
W
35dT89D.47Æk835DYnø`_e35>B351.3547¢?K
W
<AAn`R89D
c
@U3?@2`
{
z
hvwEs?iE|
K
h,js
`
¹
hfl?º
c
`-/3547VZ=@U3´z
j5lllE|
`ﬁã0235>7D.89D.V=.>(<1#3518TdT8g@POnY.8T4@B>7891.Z@78T<D.4LK]^%6]`/b`]Y.8947470L>(@B3?@B89<D]K/0
x
=#35>@BAC02DE@\<5G
W
<5A=.Z,@B02>
c
JL8T0LD.J20?K_M
W
x
H)02>7Æ?02d90LO`
¹
h5h2º
^+`#/8T35J2<5D.8T43?D.Y­/b`._>(020LY.A3?D]K
t
DD#35dT4F<5G
c
@B3?@B894(@B89J24
hj
z
hvwu5ik|
K
s5w5{,uhr
`
¹
hvjyº
c
`#/Z.Y<89@\35DYzø`_#>(8TY.dgOE35D.Y-K#:02D.<AC0HI89<dT<V?O
{
z
j?llEj|
K#o
c

t
o
W
e
ll5{}
`
¹
hf{?º
H£`.%G>(<D]Ko¥`,°8T1.4(6.8T>735D.8ÏK8ø`#/b`
c
@B<5>70LO35D.Y
Í
`,°+Z476.0L>2K%ø5<Z.>(D]`
t
An`
c
@B3?@B894(@f`
t
474(<,J?`
w}
z
j5ll,h|
K
hhr,h®­hhv}l
`
hv}
http://biostats.bepress.com/umichbiostat/paper46
¹h2i5º
QÀ`]H£`]%8T4(02D]K^¤`]°`
c
=X02d9dTA35D]K^+`

`]HI>7<vFD¸35D.Y´/b`-HI<5@B4@B0L8TD]K¶^%>7<pJ5`±£3?@2`
t
Jf3?Y]`
c
J28`
wEr
z
hvww5uE|
K
hfiEu}{XhfiEu}5u
`
¹
hvryº
:`:0L@B¢?K-`Xã0LNp8TD05K35D.Y`/<A35DEOK´^%>7<pJ5`F±3?@f`
t
Jf35Y]`
c
J28Ï`
ws
z
j?lllE|
K
hj5lEs5wŁ
hj5lu?i
`
¹
hf}?º
/b`_:6.<476n35DY
t
`XQÀ`
W
6.8TDD#3589O35D]K#H)8T<89DG<>7A3?@78TJ24
hvu
z
j?llEj|
K
jsrfj5u}
`
¹
hvsyº
t
`XH£`X:<>(O35JU6.0NK^+`_)`XQ­35J2V5>702V5<>£3?D.Y
t
`XQÀ`X%Y~3?>7Y.4LK[ø`
W
<AC=.Z@2`IHI89<dÏ`
u
K
i5iE{
i}h
`
¹
hfu?º
ø`#e£3?>(@B89VE35D]K
W
dTZ.4@B02>(8TD.V
t
dTV<>(89@76.A4z
m
89dT0LO5K.±\0Lxú$<>(Æ_K
hvwEsr|
`
¹
hfw?º
ÈU`-e<d9A0L435D.Y
m
`[ø`]HI>(Z.D.<.K'89D.Y.89D.V>(02VZ.dT3?@B<5>(On02d902AC02DE@B4Z.4(8TD.V(<8TDE@d98TÆ50LdT896.<,<pY.4
G<>~4(02ÁkZ.02DJ20b3?D.Y0,=.>(02474(8T<Dn=.>(<5#dT0£Y#3?@U3,K.8TD][Ro¥`
t
d9@7A3?D0L@\35d`9K,%Y.42`gK_^%>7<pJ20L02Y.89D.V4
%8TV6E@B6
t
D.DkZ#3?d¥ÈPDE@702>7D.3?@B89<D#35d
W
<D,G02>70LD.J20À<DÒÈPDk@702d9dT8TV502DE@
c
Op4(@702AC4nG<>SQS<5dT02JLZ.d3?>
HI8T<5dT<V5Oz
tt£t
È~^%>70L4742KXã3Lø5<dTdT3K
W
t
K
j5lll|
K
j5ljj,hvl
`
¹
j?l?º
ø`5:`?ÈP1.>B3?6.8TAnKQ¸`
x
e`
W
602DC35D.Yo`ø`:>73fOKø5<5Z.>7D]`
t
An`
c
@B3?@B894(@2`
t
4(47<pJ5`
ws
z
j5l5lEj|
K
uuŁw5w
`
¹
jph2ºm
`ø`ü>7¢235D.<vF47Æk8¤35D.Yú`#°`_ã358KaHI89<AC0L@B>(8TJL4
ii
z
hfwuEr|
K
j5{p{5i
`
¹
j5jyº
ü`,ã%`ã35D.V505K.o`?ø`
t
`ã89@(@Bd905Kp35D.Y#ø`QÀ`:`p°+3vOpd9<>2K8ø5<Z.>(D]`
t
An`
c
@B3?@B894(@f`
t
474(<,J?`
u5i
z
hvw5uwE|
K
uuh®uw}
`
¹
j?{?º
:`#QSJfã35JU6.dT35DS35D.Yn/b`#^+0L02dK+8TD.8g@B0Qn8gp@BZ.>(0QS<,Y02dT4L`z
m
8Td90LO5K.±0xú$<>(ÆXK
j?lllE|
`
¹
jyi5º
o¥`
c
354789Æ_K_F`
W
3?d9N<C35DYnø`
W
<5>71X028TdK#HI89<8TDG<5>7A3?@B89J24
hvu
z
j5llj|
K
hf}{{f­hv}5iEl
`
¹
j5ryº
QÀ``°89=.=.8TDV35D.Y
W
`¤QÀ`H)8T476<=]KÔø5<Z.>(D]`oF<vO`
c
@U3?@78T4(@2`
c
<pJ5`
c
02>L`H
}h
z
hvw5wwE|
K
}hh®}Ejj
`
¹
j?}?º
o`°8T1.4(6.8T>735D.8KR:`
m
35dg@B0L>3?D.Y³°`+e£354@B8T0?K:ø5<Z>7D]`noF<O5`
c
@U3?@78T4(@2`
c
<pJ5`
c
02>L`­H
}{
z
j5l5lh|
K
i.hh®ikj5{
`
¹
j5syº
:`
W
`°4702DV.KRQ¸`
x
ü`

6]K¤ã%`oF<6.d98TD]Kjø`
W
`ã8T35<35D.Y
m
`e`
m
<D.V.K¤±\Z.J2d9028TJ
t
J289Y.4
o\0L42`
j5w
z
j5l5lh|
K
jr?iEwjrrs
`
¹
j?u?º
QÀ`
m
0L4(@fK
W
`.HId35DJU6.0L@(@B05K.e`#/>(02474(A3?D]K.`#e\Z#35D.V.K
c
`ÈP4(6.8TY#3,K#o¥`
c
=#35DV.K#e`û-Z.¢f35D-K
ø`
t
`

d947<D]KÔø`o`Q­3?>7Æk42K+35D.Yïø`o`±0N,89D.42K¤^%>7<pJ5`±3?@f`
t
Jf35Y-`
c
J28`
wu
z
j5l5lh|
K
hhfiE}j­hh2iE}Es
`
hs
Hosted by The Berkeley Electronic Press
¹j?w?º
ú`e¥`Kú)35D.V.K
c
`/ZY.<89@2K^+`ãZ.Z-K'/b`Q¸`ã89D]K
Í
`^¤02D.VKø`±\VE358K35D.Y¸°`^+`
c
=X020LY]K
±Z.JLdT0L8TJ
t
JL8TY.4FoF024(0f35>(JU6
{l
z
j?llEj|
K.0
hr
`
¹
{5l?º
ü`ﬃú`ú$02ZD.V.K
W
`5_>735dT0OK
t
`5QSZ.>(Z#3K
t
`5`?o3?GÊ@702>Oﬁ3?D.Y
m
`?ã`yoFZ.¢2¢L<.KEHI89<8TD,G<>7A3?@B89J24
hs
z
j5ll,h|
K
wEss,w5uEs
`
hvu
http://biostats.bepress.com/umichbiostat/paper46
ý.Łþ § Oß ^+<4(478T1dT0J2<vN?35>78T35D.JL04(@B>(Z.JL@7Z.>70L4G<>£ù
ó
zúì
h
æfçfçfçLæUû
|
G<>F35V5VdT<AC02>73?@B8gN0
68T02>735>7JU68TJf3?d]J2d9Z.4(@702>789D.VSze
W
|
3?D.Yn)Q 35dTV5<>78g@B6.A&z$Q
|
`
Í
3?>783?D.J20¥QS<pY.0Ld e
W
)Q /894(@7>78T1Z@B89<D
Í
<d9Z.AC0
c
6#35=X0

>(8T02DE@B3?@B89<D
ﬀ
E
 
c
=.6.0L>78TJ235d 02ÁkZ#35d 0LÁpZ.35d ±
t
ﬀ
ó
E
 
c
=.6.0L>78TJ235d N53?>783?1.dT0 0LÁpZ.35d ±
t
ﬀ
ﬂ

ﬂ

  %dTd98T=.4(<8TY.35d 02ÁkZ#35d 0LÁpZ.35d 02ÁkZ#3?d
ﬀ
ﬂó

ﬂ

ó
 %dTd98T=.4(<8TY.35d 02ÁkZ#35d 0LÁpZ.35d N?35>78T351.dT0
ﬀ
ﬂó 

ﬂ

ó
 %dTd98T=.4(<8TY.35d 02ÁkZ#35d ,02Y N?35>78T351.dT0
ﬀ
óﬂó

ﬂ

ó
 %dTd98T=.4(<8TY.35d N53?>783?1.dT0 0LÁpZ.35d N?35>78T351.dT0
ﬀ
óﬂó 

ﬂ

ó
 %dTd98T=.4(<8TY.35d N53?>783?1.dT0 ,02Y N?35>78T351.dT0
ﬀ
óﬃﬂó

óﬂ

ó
  %dTd98T=.4(<8TY.35d N53?>783?1.dT0 N?35>78T351.d90 N?35>78T351.dT0
hvw
Hosted by The Berkeley Electronic Press
ý.Łþ § l\ß
c
8TAbZ.dT3?@B89<D>(024(Z.d9@74FG<5>J2<AC=#35>(8TD.VJLd354(4789.Jf3?@78T<D35JLJ2Z.>735JLO<?G'>735D.Y.<A
=.>7<(02JL@78T<D4
x
1.35470LYSAC0L@76.<,YF8g@B6
cpÍ
/
x
1#354(02YnA0@B6.<pY<5G%:6.<4(6­3?D.Y
W
68TD.D#3?89OE3?DÃz
j5llEj5|
`
o3?D.Y.<AÐ=>7<y(0LJL@B89<D.4
ckÍ
/ÎA0@B6.<pY
ù
ó
pì
j
pì
{
pbì
i 
ì
j 
ì
{ 
ì
i
ﬀ
E
l
`
s5{ l
`
sj l
`
s,h l
`
}l l
`
}Ej l
`
}h
ﬀ
ó
E
l
`
s,h l
`
s5l l
`
s,h l
`
}h l
`
}{ l
`
}h
ﬀ
ﬂ

ﬂ

l
`
s,h l
`
s,h l
`
s,h l
`
}Ej l
`
}Ej l
`
}h
ﬀ
ﬂó 

ﬂ

ó
l
`
sj l
`
s,h l
`
sj l
`
}h l
`
}l l
`
}l
ﬀ
ó¤ﬂó

ﬂ

ó
l
`
s5{ l
`
s,h l
`
sj l
`
}h l
`
}h l
`
}h
ﬀ
ó¤ﬂó

ó¤ﬂ

ó
l
`
s5{ l
`
s5{ l
`
s,h l
`
}Ej l
`
}h l
`
}h
±\<5@B0´[n'89>74(@

=>78TDJ28T=.35dIJL<A=X<D.0LDE@B4CZ.470LYµ8TD¿:6.<4(6µ35DY
W
6.89D.D#358gOE35D¶=.>(<,JL02Y.Z.>(05®ù
ó
>(02=.>(024(02DE@B4J2<vN?35>78T35D.J204@B>(Z.JL@7Z.>70¥Z.470LYS@7<@\Ó)AC8gp@BZ.>(0A<pY.0Ld-@B<=.>(<y(02J@B02YSJ2<AC=X<D.02DE@742`
j5l
http://biostats.bepress.com/umichbiostat/paper46
ý.Łþ § ~[ß
c
8TAbZd3?@78T<D>7024(Z.d9@74G<>J2<AC=#35>(8TD.VHI3vO5024FGÇ35JL@7<>470LdT0LJL@B89<D=.>7<pJ20LY.Z.>(0¥G<>
JU6.<p<4(8TD.VCDkZ.Ab1X02>F<5G+J2dTZ4(@B0L>74@B<<5@76.02>FAC0L@76.<,Y42`
o\35D.Y<AÐ=.>(<y(02J@B8T<5D.4
û pﬁì
j
pbì
{
pﬁì
i
W
e üã e
h h
`
l5l l
`
w5w l
`
w5w x x l
`
j5u
j l
`
w5} l
`
wr l
`
w?i l
`
uu l
`
us l
`
uu
{ l
`
w5{ l
`
w?i l
`
w5{ l
`
uEr l
`
ur l
`
u5i
i l
`
wr l
`
w5{ l
`
w5{ l
`
u{ l
`
uj l
`
uh
±\<5@B0[
W
e[XA0@B6.<pYS<?G
W
35d98TD.4(Æp83?D.Ye35>B351.3547¢z
hvws?ik|
®%üã%[#A0@B6.<pYn<5G:ü>7¢235D.<vF47Æk8'35D.Y
ã358~z
hvw5uEr|
®]e[]AC0L@76.<,Y­<5G)e£35>@B8TV35DÅz
hfwEsr|
`±\Z.Ab1X02>(48TD@U3?1.dT0>702=>7024(02DE@=.>7<=X<>@B8T<5D­<5G
@78TAC024û J2d9Z.4(@702>74)02>(04(02dT0LJL@702Y­1EO=>7<pJ202YZ.>70¥<Z@F<5G
hvll
@7>783?dT42`
j,h
Hosted by The Berkeley Electronic Press
ý.Łþ § ß o\0L47Z.dg@B4G<>AC02dT35D.<A3ﬁY#3?@B3Z.4789D.V>735D.Y.<5A =.>(<y(02J@B8T<5D.4
x
1#35470LY­AC0L@76.<,Yn35DY
cpÍ
/
x
1#354(02YnA0@B6.<pY<5G%:6.<4(6­3?D.Y
W
6.8TD.D.3589O35D³z
j5llEj5|
`
ù
ó
o\35D.Y<A =.>(<y(02J@B89<D.4
ckÍ
/ÎA0@B6.<pY
ﬀ
E
hvl hvl
ﬀ
ó
E
r {
ﬀ
ﬂ

ﬂ

r r
ﬀ
ﬂó  

ﬂ

ó
w i
ﬀ
óﬂó

ﬂ

ó
w j
ﬀ
óﬂó

ó¤ﬂ

ó
r i
±\<5@B0´[n'89>74(@

=>78TDJ28T=.35dIJL<A=X<D.0LDE@B4CZ.470LYµ8TD¿:6.<4(6µ35DY
W
6.89D.D#358gOE35D¶=.>(<,JL02Y.Z.>(05®ù
ó
>(02=.>(024(02DE@B4J2<vN?35>78T35D.J204@B>(Z.JL@7Z.>70¥Z.470LYS@7<@\Ó)AC8gp@BZ.>(0A<pY.0Ld-@B<=.>(<y(02J@B02YSJ2<AC=X<D.02DE@742`
jj
http://biostats.bepress.com/umichbiostat/paper46
ý.Łþ § ß
W
dTZ4(@B0L>F<5G
hvs
AC02dT35D.<A354IG<5Z.D.Yn1kO:6.<5476S35D.Y
W
6.8TD.D.3589O35D=.>7<pJ20LY.Z.>70
°
W
x

lEj5s	
M
t WW
xBhvlhj
M
t WW
xP}5iks
M
t WW
x!ujs
M
t WW
xUhvlws
°F/
xUhvsj5l

°F/
xUhv}{5u

°F/
xUhvs5{l

°F/
xUhv{s5}yx!{	
°
W
xUhv{Es?}yx!{

M
t WW
xUhvlEj5j	
M
t WW
xP{lw{	
M
t WW
xPiErs	
M
t WW
x!jr5{5i

M
t WW
xBhjr5}

M
t WW
x!l5wh
Q
w5{yx!lls	
±\<5@B0[
t
4@B02>(8T4(Æ8TD.Y.89Jf3?@7024R@76#3?@%@B604735A=dT0II354$8TD
hvw
A0Ld35D<A3J2dTZ4(@B0L>%G<Z.D.YC1EOHI89@(@BD.0L>
0@\35dÏ`\z
j5lll|
j5{
Hosted by The Berkeley Electronic Press
ý.Łþ § ß
W
dTZ.4@B02>(4F<5G'AC02dT35D.<A354~Z478TDVC>735D.Y.<5AÐ=.>7<(02JL@78T<D4~F89@B6ù
ó
ìxﬀ
ﬂ 

óﬃﬂ

zÏúì
h
æfçfçfçæ
r|
W
dTZ.4@B02>
h j { i r
M
t WW
xP}5iks
M
t WW
x!{l5w{
°
W
x

lEjs
M
t WW
xPuEjs
M
t WW
xj5us5{
m
Q
hs5w,hLx
W
Q
wEjx!l5lh
M
t WW
xBhvlhj
e
t
x
t
°F/
xBhv{Es5}x!{
M
t WW
xPwl{
M
t WW
xBhrj5w
°F/
xUhv{5u5i
°
W
xBhv{Es5}x!{
°F/
xUhs5j5l
M
t WW
xPw{l
M
t WW
xBhvlEjj
M
t WW
x!{u5{
Q
whLxPlEr?i
M
t WW
xBhvlwEs
M
t WW
xÚikrs
M
t WW
xUhj5s5{
Q
w{xPiks
M
t WW
x!jr5{5i
M
t WW
x!lw,h
°F/
xUhf}{u
M
t WW
xBhjr5}
Q
w{yx!l5lEs
°F/
xUhvs5{l
t
xP{Esr
M
t
WW
x!r5lEj
±\<5@B0[$û ì
r
Y.0L@702>(A89D.02YnZ.4789D.VCH~3fO0L4783?DSJL>789@702>(8T<D]`
j?i
http://biostats.bepress.com/umichbiostat/paper46
Variance of principal components for Bittner data
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Empirical probability density, melanoma data
First principal component
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